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SEDAR 44 Atlantic Red Drum Stock Assessment
PREFACE

The 2015 Benchmark Stock Assessment of Red Drum occurred through a joint Atlantic States
Marine Fisheries Commission (ASMFC) and Southeast Data, Assessment and Review (SEDAR)
process. The ASMFC conducted a Data Workshop from October 14-17, 2014 and two
Assessment Workshops from March 17-20, 2015 and June 9-11, 2015. Participants of the Data
Workshop included the ASMFC Red Drum Technical Committee and other invited individuals
from state and federal partners. Participants of the Assessment Workshop included the ASMFC
Red Drum Stock Assessment Subcommittee. SEDAR coordinated a Review Workshop from
August 25-27, 2015. Participants included members of the Red Drum Stock Assessment
Subcommittee and a Review Panel consisting of a chair, a reviewer appointed by ASMFC, and
three reviewers appointed by the Center for Independent Experts. This report is the culmination
of a one-year effort to gather and analyze available data for Atlantic red drum from fishery-
independent sampling programs of the Atlantic States, and recreational and commercial fisheries.

Given the development of new Stock Synthesis (SS) models for red drum in the current
assessment, the Review Workshop was a collaborative effort focusing on model improvements,
where panelists reviewed and provided constructive comments on modifications to the SS
models presented at the Workshop. The Stock Assessment Subcommittee conducted additional
model runs at the Workshop based on panel recommendations, and plans to further refine SS
models after SEDAR 44. The additional model runs, described in an addendum to the stock
assessment report, resulted in significant changes to model results and stock status. Further work
by the Stock Assessment Subcommittee will be completed and reviewed later in 2015 toward
establishing a final model run and stock status. The Review Report and full Stock Assessment
Report will be provided to the ASMFC South Atlantic State-Federal Management Board in
November 2015.

The ASMFC and its committees thank the SEDAR 44 reviewers for their time and expertise in
providing a thorough evaluation of the Atlantic red drum stock assessment. Additionally,
ASMFC would also like to recognize the SEDAR staff for their dedicated work in coordinating
the review. Finally, ASMFC thanks the Red Drum Stock Assessment Subcommittee, Technical
Committee, and all of the individuals who contributed to the completion of the stock assessment.
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1.

1.1

1.2

Introduction

Workshop Time and Place
The SEDAR 44 Data Workshop was held October 14-17, 2014, in North
Charleston, SC.

Terms of Reference
If possible, identify and prepare new data that could be used to inform the

assessment of adult and/or spawning stock trends.

Characterize precision and accuracy of fishery-dependent and fishery-independent
data considered for the assessment, including the following but not limited to:

a) Provide descriptions of each data source (e.g., geographic location, sampling
methodology, potential explanation for outlying or anomalous data).

b) Describe calculation and potential standardization of abundance indices.
c) Discuss trends and associated estimates of uncertainty (e.g., standard errors).
d) Justify inclusion or elimination of available data sources.

e) Discuss the effects of data strengths and weaknesses (e.g., temporal and spatial
scale, gear selectivities, ageing accuracy, sample size) on model inputs and
outputs.

Define and justify definition of stock structure.

Review recreational fishing estimates and PSEs. Compare historical and current
data collection and estimation procedures and describe data caveats that may affect
the assessment.

Estimate discards and size composition of discards in recreational and commercial
fisheries where possible.

Evaluate the effects of stock enhancement program contributions on data inputs.

Develop models used to estimate population parameters (e.g., F, biomass,
abundance) and biological reference points, and analyze model performance.

a) Describe stability of model (e.g., ability to find a stable solution, invert
Hessian)

b) Assess estimated selectivity and discuss effects on population parameters.
c) Justify choice of CVs, effective sample sizes, or likelihood weighting schemes.

d) Perform sensitivity analyses for starting parameter values, priors, etc. and

SEDAR 44 SAR Section I 7
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conduct other model diagnostics as necessary.

e) Clearly and thoroughly explain model strengths and limitations.

f) Briefly describe history of model usage, its theory and framework, and
document associated peer-reviewed literature. If using a new model, test using
simulated data.

g) If model structure differs from the model structure used in the previous
assessment, preform a continuity run of the previous model and compare
estimates. Discuss potential causes of any observed discrepancies.

h) If multiple models were considered, justify the choice of preferred model and
the explanation of any differences in results among models.

8. State assumptions made for all models and explain the likely effects of assumption
violations on synthesis of input data and model outputs. Examples of assumptions
may include (but are not limited to):

a) Choice of stock-recruitment function.

b) Choice to use (or estimate) constant or time-varying M and catchability.
¢) Choice of a plus group.

d) Constant ecosystem (abiotic and trophic) conditions.

9. Characterize uncertainty of model estimates and biological or empirical reference
points.

10. Perform retrospective analyses, assess magnitude and direction of retrospective
patterns detected, and discuss implications of any observed retrospective pattern for
uncertainty in population parameters (e.g., F, SSB), reference points, and/or
management measures.

11. Recommend stock status as related to reference points (if available). For example:
a) Is the sSPR above or below the 30% sSPR threshold?
12. Other potential scientific issues:

a) If possible, assess any temporal changes in distribution or stock structure.
Discuss potential causes of any changes.

b) Compare reference points derived in this assessment with what is known about
the general life history of the exploited stock. Explain any inconsistencies.

13. If a minority report has been filed, explain majority reasoning against adopting
approach suggested in that report. The minority report should explain reasoning
against adopting approach suggested by the majority.

14. Develop detailed short and long-term prioritized lists of recommendations for future
SEDAR 44 SAR Section [ 8
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research, data collection, and assessment methodology. Highlight improvements to

be made by next benchmark review.

15. Recommend timing of next benchmark assessment and intermediate updates, if
necessary relative to biology and current management of red drum.

SEDAR 44 SAR Section I 9
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14 Workshop Documents

SEDAR 44
Atlantic Red Drum Workshops
Document List

| Documents Prepared for the Data Workshop

Document # Title Authors
SEDAR44-DWO01 | Adult Red Drum Genetic Diversity and Cushman,
Population Structure Jamison, and
Darden 2014
SEDAR44-DWO02 Red Drum Maturity Analysis Arnott 2015 &
South Carolina DNR|

SEDAR44-DWO03 |Distance moved by red drum recaptured by Arnott 2014
recreational anglers
SEDAR44-DWO04 | Recreational Landings and Live Releases Murphy 2014
of Red drum (Sciaenops ocellatus) in the
Southeast US using MRFSS-MRIP
intercept data, 1981-2013.

SEDAR44-DWO0S5 | Sizes of tag recaptured red drum that Arnott & Paramore
were released alive by recreational 2015
anglers.

SEDAR44-DW06 [Estimating the age composition of the Murphy 2014

IMRIP/MRESS estimated landings and live-
releases for red drum along the Atlantic coast,
1981-2013.

SEDAR44-DWO07 [Development of historical annual recreational | Murphy 2015
landings of red drum from 1950 through 1980
for the Atlantic coast states from Florida
through New Jersey.

SEDAR44-DW08 INC Biological Data Survey Descriptions and ~ [Paramore 2014
Background Information

SEDAR44-DW09 [Fishery Independent Surveys of Sub-Adult Red |Arnott 2014

Drum in South Carolina
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SEDAR44-DW10

SCDNR adult red drum 1/3™ mile longline
survey

Frazier and Shaw
2014

Red drum (Sciaenops ocellatus) inhabiting inland
waters along the Atlantic coast based on 1991-
2013 angler catch rate data.

SEDAR44-DW11 [Relative indices of abundance for Murphy 2014
Red drum (Sciaenops ocellatus) inhabiting
estuarine waters along the Atlantic coast of
Florida, 1997-2014.

SEDAR44-DW12 [Relative indices of abundance for Murphy 2014
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2. Life History

2.1 Overview

The life history working group (LHG) reviewed information on stock structure and description,
age, mortality, growth, reproduction, movement and migrations, and habitat. Within the life
history working group, there was a Tagging Subgroup made of members of the LHG along
with members of the ASMFC TC and RD SAS

2.1.1  Life History Group Membership
Kirby Rootes-Murdy =~ ASMFC

Sally Roman VMRC

Chris Kalinowsky GA DNR

2.1.2 Tagging Subgroup Membership
Genine Lipkey MD DNR

Lee Paramore NC DMF

Chris Kalinowsky GA DNR

Steve Arnott SC DNR

Angela Giuliano MD DNR

2.2 Stock Definition and Description

The red drum, Sciaenops ocellatus, inhabits nearshore and estuarine waters of the U.S.
Atlantic coast from Massachusetts to Florida and of the Gulf of Mexico (GoM) from Florida
to northern Mexico (Lux & Mahoney 1969, in Mercer, 1984). The current distribution of red
drum in the Atlantic Ocean, as indicated by commercial and recreational landings, primarily
extends from southern Florida to Chesapeake Bay, with infrequent, low recreational landings
from Maryland through New Jersey (SAFMC 1990; Ross et al. 1995). Previous stock
assessments (Vaughan 1993, 1996; Vaughan and Carmichael 2000; Murphy et al. 2009) have
divided this distribution into a northern region (North Carolina — New Jersey) and a southern
region (South Carolina, Georgia, and the eastern coast of Florida), based on differences
identified in life history characteristics.

Seyoum et al.’s (2000) initial mitochondrial genetic work on red drum indicated a weak
subdivision of red drum into GoM and Atlantic components with a genetic transition
occurring around the southern Florida peninsula between Sarasota Bay and Mosquito Lagoon,
supporting the separate management of these populations. Large-scale genetic analyses have
been conducted on red drum in the GoM by Gold et al. (2001) and Gold & Turner (2002).
Based on mitochondrial and microsatellite data, estuaries within the GoM showed temporal,
but not spatial, stability in allele frequencies. Further analyses of spatial patterns indicated
that the variability was not able to be partitioned into discrete geographic subpopulations,
instead showing a pattern of isolation by distance. The proposed model of population
structure fits well with gene flow predicted by life-history and due to their estuarine-
dependent recruitment, a stepping stone model where gene flow primarily occurred among
adjacent estuaries was described with geographic neighborhoods limited to 700-900 km.
Additionally, the degree of genetic divergence detected was similar between the two markers,
indicating the occurrence of sex-biased gene flow, due to female mediated dispersal and/or
male philopatry.

Only two published papers have addressed red drum population structure within the Atlantic
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(mitochondrial sequence data, Seyoum et al. 2000; microsatellite data, Chapman et al. 2002),

both indicating little to no level of spatial structuring among estuaries. However, the Atlantic
spatial scale of both projects were limited and likely confounded by low sample sizes.
Additionally, an estuarine-collapsed analysis indicated temporal heterogeneity in the SC
evaluation and was interpreted as a potential temporal instability of the reproductive pool
(Chapman et al. 2002).

Chapman et al. (2002) estimated a variance effective population size (Ne) of Atlantic red
drum utilizing the temporal method of Waples (1989) which was an order of magnitude lower
than estimates of female Ne in the GoM (Turner et al. 1999). However, due to red drum
overlapping generations, an estimate of Ne requires a modification based on age- specific life
history information (Jorde & Ryman 1995). At that time, the only correction factor available
for red drum was based on GoM fish (Turner et al. 1999); however the appropriateness of
those data for Atlantic red drum is unlikely based on suspected age- structure differences
resulting from differential commercial fishery impacts during the 1980s. Therefore,
determination of age-specific survival and birth rates are needed to determine accurate
estimates of Ne for Atlantic red drum.

More recently, SC DNR has utilized genetic samples from adult red drum collected from the
multi-state longline surveys and other sampling efforts to evaluate genetic structure from NC
to FL (SEDAR44-DWO01). Temporal genetic differentiation was tested for within each of six
sampling sites from NC to FL and found to be insignificant. Spatial genetic differentiation
was then tested for between the six sampling sites during the spawning season and non-
spawning season. Significant differentiation was detected between NC and all southern
sample sites (SC-FL) during the spawning season, but not during the non-spawning season.
This work suggests that a genetic break does exist between NC and locations south of NC
during spawning, but some mixing of adults does occur during the non-spawning season. This
mixing is less of a concern based on current management of the defined stocks which largely
protects these adult fish from harvest (i.e., no mixed stock removals). Estimates of genetic
effective population size (Ne) also supported the greater abundance of the southern stock
estimated in the 2009 stock assessment (Murphy et al. 2009).

Based on the previous red drum assessments and the genetics work conducted by the SC
DNR, the Atlantic red drum population will continue to be defined as two stocks, a Northern
stock defined as North Carolina and north and a Southern stock defined as South Carolina and
south, in this assessment.

2.3 Natural Mortality

2.3.1 Life-History Based Approaches

In stock assessments, natural mortality (M) is one of the most difficult parameters to determine.
A variety of empirical methods to estimate M were explored by the panel and the results are
summarized here.

Natural mortality of fishes is known to scale with body mass and size, resulting in higher M at
earlier life stages and lower M as adults (Lorenzen, 1996). Therefore, both age-constant and
age-varying methods were reviewed. The Schnute’s 1981 reparmeterization of the von
Bertalanffy growth model (VBGM) is the growth model used in the new modeling framework
for this assessment (Stock Synthesis) and these growth parameters were used as input for
estimation of M, when necessary. Separate estimates of M were provided for these two regions,
based on region-specific growth and maximum age.
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2.3.1.1 Age-Constant M Approaches

In this section, we describe several methods for determining an age-constant M based on life
history characteristics, notably maximum age (tmax), von Bertalanffy growth parameters (k, L),

and average water temperature (T°C). Results from the approaches below are summarized in
Table 2.12.1.

Source Equation

Alverson and Carney (1975) M = 3k/(exp(0.38*tmax™k)-1)

Hoenig (1983; F ~ 0) M = exp(1.46 — 1.01*In(tmax))

Jensen (1996) M =1.5*%k

Pauly (1980) M = exp(-0.0152+0.6543*In(k)-0.279*In(L-,cm)
+0.4634*[n(T°C))

“Rule of thumb” (Hewitt & Hoenig 2005) M = 3/tmax

Note that the Hoenig (1983) method provides an estimate of total mortality, Z. It is only when
fishing mortality can be assumed small (F ~ 0) that this becomes an estimate of M, otherwise it is
an upper bound on M. The version of the Hoenig (1983) equation used here was derived from
fish species only. Average water temperature (ToC) used here for the Pauly (1980) equation was
19°C, taken from Williams et al. (1973), as referenced in Ross et al. (1995). Quinn and Deriso
(1999) have converted Pauly’s equation from base 10 to natural logarithms as presented above.
The “rule of thumb” method has a long history in fisheries science, but it is difficult to pin down
its source. Hewitt and Hoenig (2005) are referenced here, who compare this approach to that of
Hoenig (1983).

It was assumed that red drum close to their true maximum age were caught by the long-term
adult red drum sampling programs in the north and south regions, allowing M to be estimated by
empirical methods that require this parameter. Maximum observed age was 62 years the north
region (unchanged from previous assessment) and 41.7 years in the south region (increased from
38 years in last assessment).

Because some of these approaches produce unrealistic estimates (either too large or too small,
especially for methods requiring growth parameters, which fitted poorly), the Hoenig method
was favored in consideration of previous SEDARs (e.g., S10, S15, and S17).

The Hoenig (1983) estimates of age-constant M were 0.067 for the north region and 0.0995 for
the south region, with suggested ranges of £0.03 (0.04-0.10 and 0.07-0.13, respectively).

2.3.1.2 Age-Varying M Approaches

To apply age-varying methods, length at age was initially calculated for the middle of the
calendar year by adding 0.5 to each age in Schnute’s reparameterization of the von Bertalanffy
growth model (SVBGM) (see section 2.6 on growth). Length was then converted to weight at age
using region-specific weight-length relationships for ages 1 and older (Section 2.6).

The Lorenzen (1996) ocean fit equation for estimating age-varying M used in the previous
assessment was revisited. Due to VBGM parameter incompatibility, other methods of age-
varying M (i.e. Lorenzen, 2005) were ruled out.

Unscaled and scaled estimates of M, based on the approaches of Lorenzen (1996), were
developed from the SVBGM growth parameters applied to ages 1 through maximum age
separately for each region.

When applying the method of Lorenzen (1996), estimates of age-varying M were scaled using
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survival from age 1 through the maximum age based on the Hoenig (1983) age-constant M

(where % survival = 100*exp[-M*Tmax]), as described in Hewitt and Hoenig (2005). A range in
Hoenig-based estimates of M (see above) was used to rescale the Lorenzen estimates of M so as
to provide a range of age-varying M values.

The Hoenig-based estimate of M for the north region was 0.067, which produces a scaling to
1.5% survival from age 1 through age 62. The Hoenig-based M for the south region was 0.0095,
which producing 1.6% survival from age 1 through age 41.7.

Corresponding survival percentages for the ranges of M in the north region were 8.4% and 0.2%,
M = 0.04 and 0.10, respectively. In the south region, the range of survivals was 8.4% and 0.2%
for M = 0.07 and 0.13, respectively Age-varying estimates of M are presented for subadult ages
1-5 (separately and averaged), and averaged over all adults (6+) ages, with range in parentheses
(Table 2.12.2). Plots of age-varying M against age are presented in Figures 2.13.7 and 2.13.8.

2.4 Discard Mortality

Red drum are caught primarily by recreational fishing gear (hook-and-line) in the southeastern
United States and are also discarded in NC commercial gill net fisheries. The numbers of fish
released alive and discarded have increased over time as regulations have been implemented
and fisher behavior has shifted. As this component of the fisheries has increased, discard
mortality is assumed to represented an increasingly large portion of the overall annual
removals from the red drum stocks and the need for developing estimates of mortality due to
catch and release/discarding has become increasingly important.

The greatest factor likely to influence discard mortality is hooking mortality. Available
mortality rates on discards that are attributable to hooking mortality can range from 2% to 15%
depending on hook type and hook placement (Anguilar et al. 2002; Gearhart SD18- RD38;
Vecchio & Wenner 2007). Overall hook utilization patterns in South Carolina have shown the
majority of anglers use either J-hooks (47.5%), non-offset circle hooks (34.4%), and offset
circle hooks (4.7%) (Vecchio & Wenner 2007). J-hooks have been shown to have much
higher incidences of deep hooking in the gut which generally results in extensive damage and
mortalities (Aguilar et al. 2002; Gearhart SD18-RD38; Vecchio & Wenner 2007). Higher gut
hooking rates with J-hooks in North Carolina resulted in hooking mortality estimates
approaching 15% (Aguilar et al. 2002). Overall hooking mortality of sub-adult fish in South
Carolina was 2% for non-offset circle hooks while adult mortality was 1.9% for non-offset
circle hooks and 3.3% for J-hooks.

In the previous stock assessment, SEDAR (2009) used an 8% mortality rate for fish released
alive in recreational fisheries, based on a combination of the studies referenced above, and a
5% mortality rate for live discards in commercial gill net fisheries.

Earlier assessments assumed a 0% discard mortality for adult red drum because these large fish
were above legal size and limited data existed on them. However, it’s been demonstrated that
hooking mortality does occur on adult red drum (Vecchio & Wenner 2007), so discard
mortality was applied to all sizes in the 2009 stock assessment. There has been no additional
work on discard mortality since the last assessment, so the same discard mortality rates of 8%
and 5% were used to estimate dead discards in the recreational and commercial gill net
fisheries, respectively.

2.5 Age
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2.5.1 Age Information by State

Virginia:

The Old Dominion University Center for Quantitative Fisheries Ecology Laboratory (CQFE)
processes and ages hard parts collected by the Virginia Biological Sampling Program (BSP).
CQEFE also assists in the processing of fish, from both the recreational and commercial sectors.
Currently, the BSP collects otoliths from multiple species including red drum, Sciaenops
ocellatus. The goal of otolith collection is to correspond to the frequency distribution in
lengths from past seasons, according to 1-inch length bins. The age sampling is designed to
achieve a CV of 0.2 (Quinn & Deriso 1999) at each length interval. Fish are then randomly
selected from each length interval (bin) to process. The sampling design does not provide
targets for cobia, sheepshead, red drum, or black drum, as very few specimens have been
collected on an annual basis. CQFE produces an annual report for all samples processed.

North Carolina:

Red drum (Sciaenops ocellatus) otoliths were collected from commercial, recreational, and
North Carolina Division of Marine Fisheries (NCDMF) catches (Table 2.12.3). Otoliths were
removed from fish caught throughout state estuarine and coastal waters. The majority of fish
sampled were from Pamlico Sound, its tributaries, and the coastal waters of the Outer Banks
from Oregon Inlet to Cape Lookout. Fork length (FL) and total length (TL) in millimeters (mm)
were recorded for most fish. When possible, whole weight to the nearest 0.1 kilogram (kg) or
pound (later converted to kilograms), and sex were obtained.

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 Hilquist 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. 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. Additionally, a September 1 birthdate was
used because this is the midpoint of the peak spawning season. Ages were incremented one
year on this date. The system was calibrated with an ocular micrometer before each reading
session. Validation of this technique is presented in Ross and Stevens (1992). Otolith sections
were read independently by two readers. When disagreement occurred, ages were not assigned.

South Carolina:

Age data were available from a total of 86,782 red drum collected in South Carolina between
1984 and 2013 (Table 2.12.4). The majority of the data (n = 83,757) were from fishery
independent surveys, while the remaining data (n = 3,025) were from fishery dependent sources
(fishing tournaments and freezer drop-off program). A large number of fish (n = 51, 003) were
aged based on their length, whereas the remainder were aged using either otoliths (n = 4,383) or
scales (n = 32,296). Effective sample size was determined from the number of individual
collections (e.g. several fish caught by a single angler in the freezer program, all anglers at a
single tournament, or in a single fishery independent sampling unit, such as a net, were
considered as a single sampling unit). Effective sampling size was 12,089 for the fishery
independent data and 1,071 for fishery dependent data (Table 2.12.4).

Georgia:

Red drum (Sciaenops ocellatus) otoliths were collected from recreational and Georgia

Department of Natural Resources catches. Otoliths were removed from fish caught throughout

state estuarine and coastal waters. The majority of fish sampled were from Wassaw and Altamaha
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Sound, its tributaries. Total length (TL) in millimeters (mm) were recorded for most fish. When

possible, whole weight to the nearest 0.1 kilogram (kg) and sex were obtained. The left otolith
(when available) was always selected for analysis. If the left otolith was not available due to
damage or loss then the right was used. The otolith was mounted with hot glue to a piece of
laminate with its distal surface upwards. The laminate was secured into a chuck to a Buehler
Isomet saw equipped with two Norton diamond wafering blades separated with a 0.4 mm spacer
that was positioned to straddle the focus of the otolith. Otoliths were examined using a Leica MZ-
8 dissecting microscope with transmitted light and dark-field polarization at between 1.6 and 2
times magnification. All samples were aged in chronological order by collection date, without
knowledge of previously estimated ages or the specimen lengths. Two readers independently read
the sectioned otoliths. Age determination for red drum was based on the presence of annuli.

Florida:

The age and length data from Florida contained samples taken from a variety of sources,
including commercial or recreational landings, scientific surveys and research studies, and
tagging study mortalities. These are delineated in the dataset as: scientific, commercial, or
recreational. All ages were determined from thin-sections of sagitta, using typical methodology
developed for red drum beginning in the early 1980’s. In general, these techniques have a high
degree of agreement (>95%) among otolith section readers. To avoid the confusion due to
different age-anniversary use, all fish are assigned to a year class using the year of their fall
hatch date.

A total of 2,996 age-length samples have been taken from red drum captured along the waters
off Florida’s Atlantic coast. All ages were determined from sagittae otolith sections read under
reflected light. The majority of sampled fish (n=2,247) came from scientific monitoring
programs operating in the St Johns River/Nassau Sound, Northern Indian River/Mosquito
Lagoon, and Southern Indian River areas using a variety of collecting gears. Total lengths of
sampled fish ranged from 56 — 1,243 mm total length and biological ages ranged from 1-33
years.

For state-specific age-length annual sample size and age distribution see tables 2.12.5 and Table
2.12.6.

2.5.2 Aging Workshop

An Atlantic Croaker and Red Drum Aging Workshop was held at the South Carolina Department
of Natural Resources, Marine Resources Center in Charleston, South Carolina on October 8,
2008. Participants were presented an overview of red drum otolith processing and reading
conducted by SC DNR staff at the facility in Charleston. Participants from each state briefly
described their otolith processing methods. Minor differences in cutting and polishing were
noted but it was determined all produce easily readable otoliths. The group discussed reliability
of scale aging. Scales appear to be accurate through Age 4 and are not reliable thereafter;
otoliths should be used for Age 4 fish and older. The issue of determining “birth date” and
proper assignment of correct year-class was discussed at length. For assessment modeling
purposes, the decision was made to use January 1 as the birth date of all drum, regardless of
differences between hatch dates among regions. For life history analyses (e.g., natural mortality
estimation), a standard biological birth date of September 1 will be used.

2.5.3 Regional Age Analysis
The Data Workshop Panel decided that North Carolina and Virginia should be combined to
represent the northern region and that South Carolina, Georgia, and Florida should be combined

to represent the southern region based on differences in age structures present in data from each
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state and similarities in management of red drum between states. Fractional ages were

calculated assuming a January 1 birth date. January 1 was subtracted from the capture date and
divided by 365.25. Fractional ages for the northern region ranged from 0.81 to 62.81, while
integer ages ranged from O to 62 years (n=10,731). Fractional ages for the southern region
ranged from 0.60 to 41.68, while integer ages ranged from O to 41 (n=89,264).

2.6 Growth
The Schnute’s 1981 reparmeterization of the von Bertalanffy growth model (VBGM) and a
Schnute-Richards growth function (SRGF) were calculated by region (i.e., north and south) and
sex (VBGM only). The two types of models were selected because they are compatible with the
Stock Synthesis assessment model. Models were developed using fractional age and all observed
data as well as calendar age and the mean length at age, excluding age O fish.

The VBGM parameters were estimated with nonlinear least-squares regression using the nlsLM
function in the minpack.lm package (calendar age) in R (R Core Team, 2014). The parameters
estimated were L1 = minimum total length (TL) in millimeters (mm), L2 = maximum TL (mm),
and K = Brody growth coefficient, using the equation

L1+ @L3-L1)* ((1-exp(-K* (t-tl))/(1-exp(-K * (3 - t1))))

where t is the observed age, tl is the youngest observed age, and t3 is the oldest observed age,
from the FSA package in R (Ogle). This equation is directly comparable to the SS Schnute
growth model equation

L2 + (L1 -L2) * (exp (-K * ((t - t])).

Weighted and unweighted versions of the VBGM were calculated using fractional age, TL in
mm, and the inverse of integer age as a weight. Starting parameter values were found using the
vbStarts function in the FSA package in R (Ogle). VBGMs by sex were compared using a
hierarchical approach by region. Parameter estimates were calculated by varying the number of
parameters in common between sexes. Nested models were compared with an Anova and
Akaike information criterion (AIC) value. Calendar age VBGMs were developed by using the
mean annual length-at-age (TL in mm). Starting values were the minimum and maximum
observed calendar ages, by region, and a K estimate from previous models. Input values for t1
and t3 were the youngest and oldest observed ages, by region.

The SRGF estimated the same three parameters (11, L2, and K) and an additional parameter, the
Richards’ coefficient (R). Parameters were estimated with a nonlinear minimization function
using the optimx package in R (Nash and Varadhan, 2011). Starting values were the K
parameter estimate from the optimal weighted VBGM by region, the observed minimum TL in
mm, the observed maximum TL in mm, and R = 1, by region. Age inputs were the youngest
fractional age and the oldest fractional age, by region. Models were compared with AIC values
and residual diagnostics.

All models were reviewed by the Data Workshop Panel and it was decided that calendar age
mean length-at-age VBGMs by region were sufficient based on model fit and examination of
residuals. The calendar age SRGFs by region did not have a better fit to the data compared to
the calendar age mean length-at-age. VBGMs based on AIC value and the R parameters for both
regions was equal to one, indicating the model fit was equal to a VBGM. Growth parameters
for the northern region were L1 =424.51 mm, L2 = 1176.12 mm, and K = 0.19 (Figure 2.13.1),
and parameters for the southern region were L1 = 337.61 mm, L2 = 1042.32 mm, and K = 0.23
(Figure 2.13.2). Linf point estimates were calculated using parameter estimates by region for
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use in natural mortality calculations following Schute and Fournier (1980). Models by region

were plotted together and showed similar growth patterns but visually different Linfs (Figure
2.13.3). This is most likely the result of smaller observed lengths and lower maximum ages
from the southern region.

Recommendation: Use weighted Schnute’s 1981 re-parmeterization of the von Bertalanffy
growth models for northern and southern regions.

2.7 Reproduction
Much of the reproductive data is based on histological data as well as observations using
hydroacoustic receivers. Most of the hydroacoustic data seems to be supported by the
histological data (Lowerre-Barbieri 2008). Due to a limited amount of data from the Atlantic
coastal region it was necessary to use both Gulf of Mexico and Atlantic coast data.

2.7.1 Spawning Seasonality
Spawning season on the Gulf and Atlantic coasts of Florida peaks between September and
October (Murphy & Taylor, 1990). The northern Gulf of Mexico appears to have a spawning
season between mid-August to September. Along the coast of North Carolina spawning
peaked between August and September based on GSI (Ross et. al., 1995). Along the Georgia
coast based on hydroacoustic data red drum appear to congregate and spawn between August
and mid-October (Lowerre-Barbieri et al. 2008)

2.7.2 Sexual Maturity

Previously published information on red drum maturity were available from North Carolina,
South Carolina, the Florida Atlantic coast (Indian Lagoon) and Florida Gulf of Mexico coast.
Interpolated lengths of 50% maturity for male red drum were 529 mm for Florida’s Gulf coast
and 511 mm for the Atlantic coast of Florida and were mature between ages 1 and 3 (Murphy
and Taylor 1990). Fifty percent of females were mature between 825 mm and 900 mm and all
females were mature at age 6 in Florida (Murphy and Taylor 1990). In North Carolina, females
were mature at 4 years while males were mature at 3 years (Ross et. al. 1995). Fifty percent of
males were mature between 1 and 2 years of age while females did not mature until 3 years old
(Ross et. al. 1995). The size of 50% maturity for females in SC was 792 mm TL and 713 mm
TL for males. The age of 50% maturity for females was 4.3 years (52 months), while for males
it was determined to be 3.5 years (43 months) (Wenner 2000). In South Carolina, all males
were mature at 4 years and all females were mature at 5 years (Wenner 2000).

During the data workshop, additional analyses were performed using more recent data available
from South Carolina (n = 5,540 fish). Raw data from the NC study of Ross et al (1995) were also
obtained (n = 728 fish) so that maturity could be statistically compared between North and South
Carolina. In the analysis of Ross et al (1995), developing fish were classified as immature,
whereas as a recent study by Brown-Peterson et al (2011 (which has been widely accepted as a
standardized reproductive methodology) classifies developing fish as mature. All NC and SC fish
were therefore reclassified according to Brown-Peterson et al (2011). Results from the analysis
are presented in SEDAR44-DWO02.

The analyses found significant differences between NC and SC in relationships between both
maturity at size and maturity at age, as well as significant differences between males and females.
Results from the analyses are presented in Table 2.12.7 and Figures 2.13.8 through 2.13.13.

Among the SC fish, significant difference were also detected between time periods spanning 1984

through 2013. This apparent temporal effect may have been driven by data deficiency in some of
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the size, age or temporal categories. Also, most of the maturity assessments were made by gross

(macroscopic) examination, so it was not possible to cross-check for consistent methodology
across time. Therefore, temporal changes in maturity schedules were not considered any further.

2.7.3 Sex ratio
The sex ratio in North Carolina was 1:1 (349 males:373 females) (Ross et. al.. 1995). In the

northern Gulf of Mexico, the sex ratio for spawning adults was also 1:1 ( Wilson and Nieland
1994)

2.7.4 Spawning Frequencies
Wilson and Nieland (1994) estimated spawning frequencies for Northern Gulf of Mexico red

drum from between 2 and 4 days.

2.7.5 Spawning Location

Spawning most likely occurs in the nearshore areas adjacent to channels and passes and may
also occur over nearshore continental shelves (Lowerre-Barbieri et. al. 2008; Murphy and
Taylor 1990). Spawning locations in South Carolina were also associated with passes and
channels (Wenner 2000). More recent evidence suggests that in addition to nearshore vicinity
habitats, red drum also utilize high-salinity estuarine areas along the coast (Murphy and Taylor
1990; Johnson and Funicelli 1991; Nicholson and Jordan 1994; Woodward 1994; Luczkovich et
al. 1999; Beckwith et al. 2006).

2.7.6 Batch Fecundity
Batch fecundity estimates vs. fork length, gonad-free body weight, age in year, and BW were
generated by Wilson and Nieland (1994) for red drum from the northern Gulf of Mexico from
1986 to 1992. The mean batch fecundity was 1.54 million ova. Fish ranged from 3-33 years of
age, had a fork length range of 697-1005 mm, and a batch fecundity range of 0.16-3.27 (ova x

10%).

2.8 Movements and Migrations
Tagging information provided the best insight into the movement and migration of red drum
along the Atlantic coast. Each state, from Florida to Virginia, has participated in some form
of tagging program. Volunteer angler programs are or have been active in each state in which
trained volunteers participate by tagging fish and reporting tagged fish when recaptured.
Other programs include agency staff tagging and cooperative projects with local commercial
harvesters. Almost every program relies heavily on angler returns for recapture information.

Despite differences in state-to-state programs, there is evidence of adult drum movement
between Virginia and North Carolina. Data suggest red drum movement into Virginia waters
from North Carolina in late May. The fish appear to stay in the area during August through
September when they ultimately move during fall months to North Carolina waters where the
fish appear to overwinter. Movement of red drum tagged in North Carolina over 25 years is
summarized in SEDAR44-WPO1. The study, based on 6,173 tag returns for red drum of all
sizes, found limited movement of red drum from North Carolina to adjacent states, although
some adult red drum migrated seasonally to Virginia in the spring, returning the following fall.
The study noted that the current stock split between North Carolina and South Carolina
appeared to be an appropriate ecological division for the stock.

Programs in the southern states (Florida, Georgia, and South Carolina) provided evidence of
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limited movement as well. For example, of 1,780 fish tagged in Georgia, 85.3 % were

recaptured within state waters (11.0 % were recaptured in South Carolina, and 3.7 % were
recaptured in Florida). In South Carolina, fish tagged in the SC Department of Natural
Resources sub-adult tagging program were primarily recaptured within 30 miles (96.4 %)
(S18-DWO02). An additional working document on movement distances by South Carolina red
drum tags that were recaptured by recreational anglers SEDAR44-DWO03 indicated that more
than 95% of red drum were recaptured within 125 miles of their release location, even after 5
or more (up to 18) years at large. Of 12,754 tags with known recapture locations, 79 were
recaptured from North Carolina, 12,657 from South Carolina, 13 from Georgia and 5 from
Florida.

An interesting pattern of movement, or lack of movement, was observed from fish over-
wintering in the area of power plants. The most productive of these areas was the Elizabeth
River Hot Ditch area, in Virginia. Rather than migrating out of the Chesapeake Bay during
fall to North Carolina waters (considered the usual pattern for sub-adult red drum), fish in this
area were observed over-wintering in bay tributaries in the area of power plants. The cycling
of river water through the plants resulted in discharges of warmed water sufficient to maintain
adjacent areas at temperatures generally suitable for the fish (as well as forage the fish could
use-crabs, finger mullet, mummichogs, etc.).Similar patterns were also observed, to a lesser
degree, at another nearby power plant (SEDAR 2009).

The genetic work by SC DNR also suggests some movement of adult red drum between SC
and NC during non-spawning seasons. However, these adult fish do appear to return to their
respective stock during the spawning season.

2.9 Meristics and Conversion Factors

Equations for length-length and weight-length conversions were determined using the simple
linear regression model and the power function, respectively, by region (Table 2.12.8). All
weights are shown in grams and all lengths in millimeters. There were only 32 standard length
measurements taken in the northern region, so conversions between total or fork length and
standard length for the southern region were used for the northern region. Coefficients of
determination (r2) ranged from 0.97 to 0.99 for these linear (length) and nonlinear (weight)
regressions.

Recommendation: Use the conversion equations based on northern and southern regions.

2.10 Habitat
Spawning Habitat
Red drum (Sciaenops ocellatus) spawn from late summer to early fall in a range of habitats,
including estuaries, near inlets, passes, and near bay mouths as opposed to further offshore or
inland habitats (Peters and McMichael 1987). Earlier studies have illustrated that the
spawning often occurred in nearshore areas relative to inlets and passes (Pearson 1929; Miles
1950; Simmons and Breuer 1962; Yokel 1966; Jannke 1971; Setzler 1977; Music and Pafford
1984; Holt et al. 1985). More recent evidence, however, suggests that in addition to nearshore
vicinity habitats, red drum also utilize high-salinity estuarine areas along the coast (Murphy
and Taylor 1990; Johnson and Funicelli 1991; Nicholson and Jordan 1994; Woodward 1994;
Luczkovich et al. 1999; Beckwith et al. 2006). Coastal estuarine areas that have high salinity
levels provide optimal conditions for eggs and larval development, as well as circulation
patterns beneficial to transporting larvae to suitable nursery areas (Ross and Stevens 1992).
Spawning in laboratory studies have also appeared to be temperature dependent, occurring in
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a range from 22° to 30° C but with optimal conditions between temperatures of 22° to 25° C

(Holt et al.1981). Renkas (2010) was able to duplicate environmental conditions of naturally
spawning red drum from Charleston Harbor, SC in a mariculture setting, and corroborated that
active egg release occurred as water temperature dropped from a peak of ~30° C during
August. Cessation of successful egg release was found at 25°C, with no spawning effort found
at lower temperatures (Renkas 2010). Pelagic eggs, embryos, and larvae are transported by
currents into nursery habitats for egg and larval stages, expectedly due to higher productivity
levels in those environments (Peters and McMichael 1987; Beck et al. 2001)

Eggs and Larvae Habitat

Red drum eggs have been commonly encountered in several southeastern estuaries in high
salinity, above 25 ppt (Nelson et al. 1991). Salinities above 25 ppt allow red drum eggs to
float while lower salinities cause eggs to sink (Holt et al. 1981). In Texas, laboratory
experiments conducted by Neill (1987) and Holt et al. (1981) concluded that an optimum
temperature and salinity for the hatching and survival of red drum eggs and larvae was 25° C
and 30 ppt. Spatial distribution and relative abundance of eggs in estuaries, as expected,
mirrors that of spawning adults (Nelson et al. 1991); eggs and early larvae utilize high salinity
waters inside inlets, passes, and in the estuary proper. Currents transport eggs and pelagic
larvae into bays, estuaries and seagrass meadows (when present), where they settle (Levin et
al. 2001) and remain throughout early and late juvenile stages (Pattillo et al. 1997; Holt et al.
1983; Rooker and Holt 1997, Rooker et al. 1998b; Levin et al. 2001). Larval size generally
increases as distance from the mouth of the bay increases (Peters and McMichael 1987),
possibly due to increased nutrient availability. Research conducted in Mosquito Lagoon,
Florida, by Johnson and Funicelli (1991) found viable red drum eggs being collected in
average daily water temperatures from 20° C to 25° C and average salinities from 30 to 32
ppt. During the experiment, the highest numbers of eggs were gathered in depths ranging from
1.5 to 2.1 m and the highest concentration of eggs was collected at the edge of the channel.

Upon hatching, red drum larvae are pelagic (Johnson 1978) and laboratory evidence indicates
that development is temperature-dependent (Holt et al. 1981). Newly hatched red drum spend
around twenty days in the water column before becoming demersal (Rooker et al. 1999;
FWCC 2008). However, Daniel (1988) found much younger larvae already settled in the
Charleston Harbor estuary. Transitions are made between pelagic and demersal habitats once
settling in the nursery grounds (Pearson 1929; Peters and McMichael 1987; Comyns et al.
1991; Rooker and Holt 1997). Tidal currents (Setzler 1977; Holt et al. 1989) or density-driven
currents (Mansueti 1960) may be utilized in order to reach a lower salinity nursery in upper
areas of estuaries (Mansueti 1960; Bass and Avault 1975; Setzler 1977; Weinstein 1979; Holt
et al. 1983; Holt et al. 1989; Peters and McMichael 1987; McGovern 1986; Daniel 1988).
Once inhabiting lower salinity nurseries in upper areas of estuaries, red drum larvae grow
rapidly, dependent on present environmental conditions (Baltz et al. 1998).

Red drum larvae along the Atlantic coast are reportedly common in southeastern estuaries,
with the exception of Albemarle Sound, and are abundant in the St. Johns and Indian River
estuaries in Florida (Nelson et al. 1991). Daniel (1988) and Wenner et al. (1990) found newly
recruited larvae and juveniles through the Charleston harbor estuary over a wide salinity
range. Mercer (1984) has also summarized spatial distribution of red drum larvae in the Gulf
of Mexico. More recent studies conducted by Lyczkowski-Shutlz and Steen (1991) reported
evidence of diel vertical stratification among red drum larvae found at lower depths less than
25 m at both offshore and nearshore locations. Larvae (ranging between 1.7 to 5.0 mm mean
length) were found at lower depths during night and higher in the water column during the
day. At the time of the study, water was well mixed and temperature ranged between 26° C to

28° C. There was no consistent relationship between distribution of larvae and tidal stage.
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Survival during larval (and juvenile) stages in marine fish, such as the red drum, has been

identified as a critical bottleneck determining their survival and contribution to adult
populations (Cushing 1975; Houde 1987; Rooker et al. 1999).

Juvenile Habitat

Juvenile red drum utilize a variety of inshore habitats within the estuary, including seagrass
meadows, tidal freshwater, low-salinity reaches of estuaries, estuarine emergent wetlands,
estuarine scrub/shrub, submerged aquatic vegetation, oyster reefs, shell banks, and
unconsolidated bottom (SAFMC 1998; ASMFC 2002). Smaller red drum seek out and inhabit
rivers, bays, canals, boat basins, and passes within estuaries (Peters and McMichael 1987,
FWCC 2008). Wenner’s studies (1992) indicate that red drum juvenile habitats vary slightly
seasonally: most often between August and early October, red drum inhabit small creeks that
cut into emergent marsh systems and have some water in them at lower tides, while in winter,
red drum reside in main channels of rivers ranging in depths from 10 to 50 feet with salinities
from one-half to two-thirds that of seawater. In the winter of their first year, 3 to 5 month old
juveniles migrate to deeper, more temperature-stable parts of the estuary during colder
weather (Pearson 1929). In the spring, they move back into the estuary and shallow water
environments. In the following spring, juveniles become more common in the shallow water
habitats. Studies show that red drum inhabiting non-vegetated sand bottoms exhibit the
greatest vulnerability to natural predators (Minello and Stunz 2001). Juvenile red drum in
their first year generally avoid wave action by living in more protected waters (Simmons and
Breuer 1962; Buckley 1984).

In the Chesapeake Bay, juveniles (20-90 mm Total Length, TL) were collected in shallow
waters from September to November, but there is no indication as to the characteristics of the
habitat (Mansueti 1960). Some southeastern estuaries where juvenile (and sub-adult) red drum
are abundant are Bogue Sound, NC; Winyah Bay, SC; Ossabaw Sound, and St.
Catherine/Sapelo Sound, GA; and the St. Johns River, FL (Nelson et al. 1991) and throughout
SC (Wenner et al. 1990; Wenner 1992). They were highly abundant in the Altamaha River
and St. Andrews/St. Simon Sound, GA, and the Indian River, FL (Nelson et al. 1991).

Peters and McMichael (1987) found in Tampa Bay that juvenile red drum were most abundant
in protected backwater areas, such as rivers, tidal creeks, canals, and spillways with
freshwater discharge, as well as in areas with sand or mud bottom and vegetated or non-
vegetated cover. Juveniles found at stations with seagrass cover were generally smaller in size
and fewer in number (Peters and McMichael 1987). Near the mouth of the Neuse River, as
well as smaller bays and rivers between Pamilico Sound and the Neuse river, surveys from the
North Carolina Division of Marine Fisheries (NCDMF) indicate that juvenile red drum were
consistently abundant in shallow waters of less than 5 feet. Generally, habitats identified as
supporting juvenile red drum in North Carolina can be characterized as detritus laden or mud-
bottom tidal creeks (in Pamlico Sound) and mud or sand bottom habitat in other areas (Ross
and Stevens, 1992). In a Texas estuary, young red drum (6-27 mm Standard Length, SL)) were
never present over non-vegetated muddy-sandy bottom; areas most abundant in red drum
occurred in the ecotone between seagrass and non-vegetated sand bottom (Rooker and Holt
1997). In SC, Wenner (1992) indicated that very small red drum occupy small tidal creeks
with mud/shell hash and live oyster as common substrates (since sub-aquatic vegetation is
absent in SC estuaries).

Subadult Habitat

The subadult phase of the red drum’s life cycle begins when late-stage juveniles leave shallow

nursery habitats at a size of approximately 200 mm TL and 10 months of age. These subadults

later attain sexual maturity, at about 3-5 years of age. Subadult red drum are most vulnerable
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to fishery exploitation (Pafford et al. 1990; Wenner 1992). They utilize many habitats within

the estuary, including tidal creeks, rivers, inlets, and waters around barrier islands, jetties and
sandbars (Pafford et al. 1990; Wenner 1992). While subadults are found in habitats similar to
that of juvenile red drum, they are also found in large aggregations on seagrass beds, over
oyster bars, mud flats, and sand bottoms (FWCC 2008). In a study conducted by Bacheler et
al. (2009a), age-0 to age-3 red drum are commonly found in upper estuarine environments,
but each fall a portion of age-1 and age-2 cohorts move to high-salinity coastal waters, while
some red drum remain in upper estuarine habitat until age-3; at this age the last remaining red
drum move to coastal environments. Tagging studies conducted throughout the species’ range
indicate that most subadult red drum generally remain in the vicinity of a given area
(Beaumarriage 1969; Osburn et al. 1982; Music and Pafford 1984; Wenner et al. 1990;
Pafford et al. 1990; Ross and Stevens 1992; Woodward 1994; Marks and DiDomenico 1996).
Movement within estuaries is assumed to be related to temperature changes and food
availability (Pafford et al. 1990; Woodward 1994). The following is taken from the Atlantic
States Marine Fisheries Commission (ASMFC) Red Drum Fishery Management Plan (2002):

“Hard, or live bottom (Struthsaker 1969), consists of aggregations of coral
generated habitats that have a thinner layer of live corals (soft and hard), among
other biota types, existing among different sediments, older reefs or rock bottom.
Often these bottom assemblages of coral provide reef structure for aggregations of
red drum. Coral assemblages vary with geographical area. On the South Atlantic
coast, coral communities are dominated by ahermatypic species, which are not reef
building species. In the South Atlantic Bight (SAB), hard or live bottom habitats
are generally small outcropping areas scattered in a patchy distribution over the
continental shelf north of Cape Canaveral, FL. These habitats are most numerous
off the coast of northeastern Florida and typically occur at depths greater than 27
m. Benthic temperatures in deeper areas range from 11° C to 27° C, while
nearshore temperatures are typically cooler (from SEAMAPs South Atlantic
Bottom Mapping Work Group effort, beginning in 1992). Data suggest that red
drum prefer higher salinities as they age (Neill et al. 2004), which could partially
provide an explanation as to why red drum move more into coastal areas during
their subadult and adult life stages (Bacheler et al. 2009b).”

In addition to natural hard/live bottom habitats, adult red drum also use artificial reefs and other
natural benthic structures. As of 2002, 120,000 acres of ocean and estuarine bottom along the
south Atlantic has been permitted for the development of artificial reefs (ASMFC 2002). In
Florida alone, 34 out of 35 coastal counties have been involved in artificial reef development
(FWCC 2012). Most Atlantic coast states are in the process of establishing or have already
established artificial reef management programs in their coastal waters.

Red drum were found from late November until the following May at both natural and artificial
reefs along tide rips or associated with the plume of major rivers in Georgia (Nicholson and
Jordan 1994). Data from this study suggests that adult red drum exhibit high seasonal site
fidelity to these features. Fish tagged in fall along shoals and beaches were relocated 9 to 22
km offshore during winter and then found back at the original capture site in the spring. In
summer, fish moved up the Altamaha River nearly 20 km to what the authors refer to as “pre-
spawn staging areas” and then returned to the same shoal or beach again in the fall.
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2.12 Tables

Table 2.12.1. US Atlantic red drum age-constant natural mortality estimates. M:
instantaneous natural mortality, k: Schnute’s reparameterization of the von Bertalanffy
growth parameter, T: average water temperature (°C), L,: Schnute’s reparameterization
of the von Bertalanffy asymptotic total length (cm), Maximum age: tmax = 62 years in
north region, tmax = 41.7 years in south region; and average water temperature = 19° C
(Williams et al. 1973 as used in Ross et al. 1995).

Approach Life North Region South Region
History
Parameters
Alverson & Carney &, fmax 0.001 0.0009
Hoenig fmax 0.066 0.0995
Jensen k 0.435 0.6900
Pauly k,L,, T 0.458 0.6653
Rule of thumb fmax 0.048 0.0720

Table 2.12.2. US Atlantic red drum age-varying instantaneous natural mortality rates for
subadult red drum (ages 1-5, including average across ages) and average over adult ages
(6+). Age-varying estimates are based on the Lorenzen (1996) approach for the north and
south red drum regions. Age-specific estimates of natural mortality were scaled using
age-constant M values derived by the method of Hoenig (1983), with range about them
(values in parentheses), as discussed in the main text.

Atlantic Red Drum

Age Grouping Northern Region Southern Region
Subadult Ages:

1 0.20 (0.12, 0.30) 0.27 (0.19, 0.36)
2 0.13 (0.07,0.19) 0.16 (0.11, 0.20)
3 0.10 (0.06, 0.15) 0.12 (0.09, 0.16)
4 0.09 (0.05, 0.13) 0.11 (0.08, 0.14)
5 0.08 (0.05, 0.12) 0.10 (0.07, 0.13)
Average 1-5 0.12 (0.07, 0.17) 0.15(0.11, 0.20)
Ages 6+ 0.06 (0.04, 0.09) 0.09 (0.06, 0.12)
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Table 2.12.3. A summary of all age samples collected for red drum in North

Carolina from 1987 to 2013. Ages adjusted to correspond with a January 1

birthdate.
Age
Year 1 2 3 4 5 6 7 8 9 10+ All
1987 7 3 1 11
1988 39 26 28 3 1 3 3 29 132
1989 30 64 60 22 1 1 6 3 2 68 257
1990 49 9 62 14 10 3 4 6 5 151 313
1991 98 53 14 8 6 49 228
1992 94 162 21 2 3 2 69 353
1993 45 130 58 1 2 1 43 280
1994 50 64 45 12 2 1 5 1 2 23 205
1995 | 129 213 34 5 2 1 2 40 426
1996 | 150 119 19 1 2 3 2 18 314
1997 | 343 36 8 5 1 1 1 25 420
1998 | 169 155 6 10 16 9 6 5 38 414
1999 | 131 138 11 1 2 283
2000 | 114 102 15 2 2 235
2001 89 67 24 1 0 181
2002 | 129 72 1 2 204
2003 16 85 0 101
2004 | 235 11 18 1 265
2005 | 151 162 1 5 319
2006 | 214 160 8 1 2 385
2007 46 111 5 8 2 1 84 257
2008 | 221 108 12 5 2 1 3 1 56 409
2009 | 121 155 5 1 1 2 32 317
2010 | 221 72 6 7 10 1 2 16 335
2011 73 28 1 6 7 2 2 1 56 176
2012 | 489 20 3 1 2 3 2 2 55 577
2013 | 109 270 1 2 2 2 9 1 52 448
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Atlantic Red Drum

Table 2.12.4. South Carolina red drum age data. n: number of fish; n’ effective sample size..

Fishery
Year Fishery dependent independent TOTAL

n n' n n' n n'

1984 3 2 3
1985 10 1 157 41 167 42
1986 72 7 916 97 988 104
1987 187 12 2155 133 2342 145
1988 49 5 1025 81 1074 86
1989 36 2 1402 59 1438 61
1990 46 4 1229 79 1275 83
1991 52 5 2434 182 2486 187
1992 50 4 3051 233 3101 237
1993 26 2 3360 313 3386 315
1994 27 2 3336 350 3363 352
1995 129 31 4576 518 4705 549
1996 172 71 5000 507 5172 578
1997 148 60 4030 491 4178 551
1998 136 61 2617 426 2753 487
1999 117 40 2486 416 2603 456
2000 291 100 1656 347 1947 447
2001 141 61 3682 596 3823 657
2002 223 96 4541 693 4764 789
2003 180 81 5875 689 6055 770
2004 93 44 5721 698 5814 742
2005 67 42 4753 689 4820 731
2006 87 43 1525 439 1612 482
2007 113 52 1981 503 2094 555
2008 90 37 2798 582 2888 619
2009 82 41 3176 605 3258 646
2010 119 42 3514 665 3633 707
2011 111 47 2434 565 2545 612
2012 100 40 2112 539 2212 579
2013 71 38 2212 551 2283 589
TOTAL 3025 1071 83757 12089 86782 13160
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Atlantic Red Drum

Table 2.12.5. Number of red drum age-length data pairs available from each state each year.

SEDAR 44 SAR Section |

Year FL GA SC NC VA
1981 106 0 0 0 0
1982 340 0 0 0 0
1983 88 0 0 0 0
1984 0 0 3 0 0
1985 0 0 167 0 0
1986 0 0 813 0 0
1987 40 0 2,247 11 0
1988 28 0 1,074 164 0
1989 43 0 1,273 312 0
1990 0 0 1,103 344 0
1991 70 0 2,268 257 0
1992 3 0 3,101 438 0
1993 2 0 3,383 427 0
1994 36 0 3,544 297 0
1995 75 0 4,994 482 0
1996 26 0 5,465 381 0
1997 251 63 4,276 417 0
1998 155 94 2,908 523 0
1999 96 82 2,746 433 19
2000 84 48 2,006 319 6
2001 94 54 3,902 442 1
2002 112 91 4,777 347 0
2003 68 119 6,186 226 0
2004 71 100 5,919 332 0
2005 145 70 4,819 449 0
2006 140 71 1,609 626 0
2007 0 60 2,179 473 32
2008 141 125 2,976 571 20
2009 98 144 3,496 607 73
2010 142 102 3,952 508 34
2011 116 29 2,900 251 0
2012 172 41 2,782 583 4
2013 254 112 2,793 674 79
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Table 2.12.6. Age-length pairs available from each state each year. Ages are incremented on January
1 each year so fall spawned red drum achieve age-1 two to three months after hatching.

Age FL GA SC NC VA
1 605 727 | 30,327 3,256 18
2 1,082 621 | 27912 4,908 193
3 745 52| 14,229 1,149 34
4 290 4 8,978 167 2
5 63 0 3,122 85 0
6 31 0 362 46 1
7 20 0 75 43 1
8 4 0 49 45 1
9 10 0 32 27 2
10 17 0 41 57 1
11 13 0 22 44 0
12 12 0 25 61 1
13 4 0 18 29 1
14 4 0 19 43 0
15 4 0 19 83 0
16 6 0 20 65 0
17 7 0 30 86 1
18 2 0 23 69 0
19 4 0 23 61 1
20 0 1 22 67 0
21 2 0 25 50 1
22 1 0 27 52 0
23 1 0 17 33 0
24 0 0 17 36 1
25 2 0 20 22 0
26 2 0 18 25 0
27 0 0 16 26 3
28 3 0 14 12 1
29 0 0 12 32 0
30 0 0 6 15 0
31 0 0 11 13 0
32 0 0 4 20 0
33 1 0 6 8 0
34 0 0 11 23 0
35 0 0 3 21 0
36 0 0 2 15 0
37 0 0 2 12 0
38 0 0 5 15 0
39 0 0 3 12 0
40" 0 0 3 61 0
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Table 2.12.7. Relationships between length at maturity and age at maturity in red drum from North Carolina and South Carolina. Parameters a
and b (+ SE) are for the logistic function Proportion Mature=e"Z/(1+e"Z ) where Z=a+b*Predictor.

Region Sex n Predictor (independent variable) a (const) +se b (slope) +se m:?u?i ty Data used
NC Female 305 Length (TL, mm) -38.8400 7.37006 0.0445117  0.0085605 872.6  Jul-Dec

NC Female 334 Age (decimal years, Jan 1 birth date) -29.8740 6.05016 7.2755200 1.5720700 4.1 Feb-Dec
NC Male 340 Length (TL, mm) -19.8010 3.76561 0.0294404  0.0054736 672.6 Jul-Dec

NC Male 318 Age (decimal years, Jan 1 birth date) -10.8147 1.88893 3.6662400  0.6152680 2.9 Feb-Dec

SC Female 1,805 Length (TL, mm) -17.8929 1.13022 0.0228056  0.0014545 784.6  Jul-Dec

SC Female 2,613 Age (decimal years, Jan 1 birth date) -9.0749 0.45404 1.7918600  0.1073900 5.1 Jan-Dec

SC Male 2,927 Length (TL, mm) -18.3791 1.14192 0.0264934  0.0016986 693.7 Jul-Dec

SC Male 2,930 Age (decimal years, Jan 1 birth date) -10.1218 0.45237 2.4274500  0.1250110 4.2 Jan-Dec
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Table 2.12.8 Conversion table for SEDAR 44 red drum biological data.

Atlantic Red Drum

Data Source Dep Variable Ind Variable a b n aSE b SE ©*  Ind Range Units
Southern Region Whole Wt TL 0.00001 2.983 8.345 1.018 1.0030 0.99 51-1243 mm,g
Northern Region Whole Wt TL 0.00002 2.931 9.951 1.026 1.0042 0.98 152-1316 mm,g

TL FL -21.744 1.091 7.021  0.300 0.0004 1.00 88-1167 mm
: FL TL 20.651 0.916 7.021  0.267 0.0004 1.00 88-1246 mm

Southern Region
TL SL 7.246 1.202 35,796 0.102  0.0003 1.00  4-1070 mm
FL SL 28.595 1.092 4594 0391 0.0009 1.00 70-1050 mm
TL FL -23.941 1.088 10,927 0.239 0.0004  1.00 149-1260 mm
Northern Region FL TL 22.854 0.917 10,927 0.211  0.0004 1.00 152-1410 mm
TL SL 7.246 1.202 35,796 0.102  0.0003 1.00  4-1070 mm
FL SL 28.595 1.092 4594 0391 00009 1.00 70-1050 mm

SEDAR 44 SAR Section | 37




Data Workshop Report Atlantic Red Drum

2.13 Figures
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Figure 2.13.1. Observed and predicted total lengths (mm) from Schnute’s 1981
reparmeterization of the von Bertalanffy growth model for the northern region (NC/VA).
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Figure 2.13.2  Observed and predicted total lengths (mm) from Schnute’s 1981
reparmeterization of the von Bertalanffy growth model for the southern region (SC/GA/FL).
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Figure 2.13.3. Comparison of predicted total lengths (mm) from Schnute’s 1981
reparmeterization of the von Bertalanffy growth model by region.
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Figure 2.13.4. Observed and predicted total lengths from the regular von Bertalanffy
growth model for the northern region (NC/VA).
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Figure 2.13.5. Observed and predicted total lengths from the regular von Bertalanffy growth
model for the southern region (SC/GA/FL).
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Figure 2.13.6. Comparison of predicted total lengths from von Bertalanffy models by region.
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Figure 2.13.7 Comparison of North Region unscaled and scaled estimates of age-varying M
from the methods of Lorenzen (1996) based on growth predicted by the Schnute’s (1981)
reparmeterization of the von Bertalanffy growth equation, as applied to mid-year age and
length data. Scaled estimates assume a cumulative survival from age 1 through maximum age
(62 years) of 1.5% (equivalent to an age-constant Hoenig M of 0.067). Lower and upper
bounds are for survival of 0.2% and 8.4% (Hoenig M of 0.10 and 0.04, respectively).
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Figure 2.13.8 Comparison of South Region unscaled and scaled estimates of age-varying M
from the methods of Lorenzen (1996) based on growth predicted by the Schnute’s (1981)
reparmeterization of the von Bertalanffy growth equation, as applied to mid-year age and
length data. Scaled estimates assume a cumulative survival from age 1 through maximum age
(41.7 years) of 1.6% (equivalent to an age-constant Hoenig M of 0.0995). Lower and upper
bounds are for survival of 0.2% and 12.4% (Hoenig M of 0.15 and 0.05, respectively).

SEDAR 44 SAR Section | 43



Data Workshop Report Atlantic Red Drum

A South Carolina Female Red Drum Length at Maturity
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Figure 2.13.8 Female length at maturity for (A) South Carolina red drum, and (B) North
Carolina red drum. Data points represent individual fish (binary immature/mature data, jittered
around 0 = immature and 1 = mature to reduce overlap). Fitted lines (£ 95% CI) are from
logistic regressions fitted to data from fish captured during July-December.
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A South Carolina Female Red Drum Age at Maturity
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Figure 2.13.9 Female age at maturity for South Carolina red drum. (A) all data, and (B)
zoomed in to show just ages 1-10 years. Data points represent individual fish (binary
immature/mature data, jittered around O = immature and 1 = mature to reduce overlap). Fitted
lines (+ 95% CI) are from logistic regressions fitted to data from fish captured during any time
of the year (January-December), although most of the older fish were captured during fall.
Age is in decimal calendar years (i.e. assuming a Jan 1st birth date).
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A North Carolina Female Red Drum Age at Maturity
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Figure 2.13.10 Female age at maturity for North Carolina red drum. (A) all data, and (B)
zoomed in to show just ages 1-10 years. Data points represent individual fish (binary
immature/mature data, jittered around 0 = immature and 1 = mature to reduce overlap). The
fitted line (£ 95% CI) is from a logistic regression fitted to data from fish captured during any
time of the year (January-December), although most of the older fish were captured during

fall. Age is in decimal calendar years (i.e. assuming a Jan 1st birth date).

SEDAR 44 SAR Section |

46




Data Workshop Report Atlantic Red Drum

A South Carolina Male Red Drum Length at Maturity
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Figure 2.13.11 Male length at maturity for (A) South Carolina red drum, and (B) North
Carolina red drum. Data points represent individual fish (binary immature/mature data, jittered
around 0 = immature and 1 = mature to reduce overlap). Fitted lines (£ 95% CI) are from
logistic regressions fitted to data from fish captured during July-December.
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A South Carolina Male Red Drum Age at Maturity
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Figure 2.13.12 Male age at maturity for female South Carolina red drum. (A) all data, and (B)
zoomed in to show just age 1-10 years. Data points represent individual fish (binary
immature/mature fish jittered around O and 1 to reduce overlap). Fitted lines (+ 95% CI) are
from logistic regressions fitted to data from fish captured during any time of the year
(January-December), although most of the older fish were captured during fall. Age is in
decimal calendar years (i.e. assuming a Jan 1st birth date).
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Figure 2.13.13 Male age at maturity for female North Carolina red drum. (A) all data, and (B)
zoomed in to show just age 1-10 years. Data points represent individual fish (binary
immature/mature data, jittered around O = immature and 1 = mature to reduce overlap). The
fitted line (+ 95% CI) is from a logistic regression fitted to data from fish captured during any
time of the year (January-December), although most of the older fish were captured during
fall. Age is in decimal calendar years (i.e. assuming a birthday of Jan 1st)
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3. Commercial Fisheries

3.1 Overview
Commercial landings of red drum are available from all states located on the east coast of
the United States from Florida to Massachusetts.

Group Membership

Lee Paramore (Leader) .......... NCDMF
Joe Myers.........ccoevvvninnn. ACCSP
Julie Defilippi......cccccevvvenirnene ACCSP

3.2 Commercial Landings and Catch Trends

Decision 1. Because red drum landings rarely occur south of Martin County, the
Dade/Monroe County line was recommended as the southern boundary for red drum
landings along the US Atlantic coast. This avoids landings from the Gulf coast being
counted towards the Atlantic stock.

Decision 2. Data were available for all states back to 1950. The Commercial Workgroup
recommended that estimates of commercial landings be extended back to 1950 for
potential use in assessments. Historical landings back to 1887 are available for some
states and can be used to provide a historical perspective (i.e. North Carolina and
Florida).

Decision 3. The Commercial Workgroup recommended that landings by fishing gear be
reduced to six categories: gill nets, haul seines, pound nets, beach seines, trawls, and
hook and line. The small percentage (typically less than 1%) from miscellaneous gears
is provided as ‘other’.

3.2.1  Atlantic Coastal Cooperative Statistics Program (ACCSP) Warehouse

Historical commercial landings (1950 to present) for the Atlantic coast are maintained in
the Atlantic Coastal Cooperative Statistics Program (ACCSP) Data Warehouse. The Data
Warehouse was queried on 06 November 2014 for all red drum landings (monthly
summaries by state and gear category) from 1950 to 2013 for Florida (east coast),
Georgia, South Carolina, Virginia, Maryland, Delaware, New Jersey, New York, Rhode
Island, and Massachusetts (ACCSP 2014). The gear categories were decided upon by the
working group based on knowledge of the fisheries and reporting tendencies. Gear
categories were consistent with those used in SEDAR 18. The specific ACCSP gears
included in each category can be found in Table 3.8.1. All landings data from ACCSP
were reviewed and approved by state representative partners. Some discrepancies did
occur and in these cases, state provided data was preferred to ACCSP values. This
included North Carolina data from 1994 to 2013. During these years, North Carolina
provided more accurate gear allocations for landings. North Carolina data were also
substituted for ACCSP data from 1972 to 1977 due to rounding differences between the
two sources. Virginia provided more accurate gear allocations for 2008 to 2013 landings.
New Jersey provided more accurate gear allocations for 2009 to 2013 landings. New
York provided more accurate gear allocations for 2013 landings. No commercial landings
are attributed to South Carolina, Georgia or Florida after 1988. Georgia landings from
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1989 to 2013 are hook-and-line and are considered recreational and all sale was restricted

to the recreational bag limit. South Carolina landings subsequent to gamefish status in
1988 are considered non-wild caught fish and were removed from commercial harvest.
Florida had no reported landings subsequent to 1988. Commercial landings by region and
gear type in pounds is summarized in Tables 3.8.2. and 3.8.3

Decision - Some discrepancies occurred when landings data were allocated by gear
between those reported by individual states and those reported by ACCSP. It was decided
to use landings data provided directly by the states in cases of discrepancies.

3.2.2 Commercial Landings Developed from State Databases

North Carolina — The National Marine Fisheries Service, prior to 1978, collected
commercial landings data for North Carolina. Port agents would conduct monthly
surveys of the state’s major commercial seafood dealers to determine the commercial
landings for the state. Starting in 1978, the North Carolina Division of Marine Fisheries
entered into a cooperative program with the National Marine Fisheries Service to
maintain the monthly surveys of North Carolina’s major commercial seafood dealers and
to obtain data from more dealers. The North Carolina Division of Marine Fisheries Trip
Ticket Program (NCTTP) began on 1 January 1994. The NCTTP was initiated due to a
decrease in cooperation in reporting under the voluntary NMFS/North Carolina
Cooperative Statistics Program in place prior to 1994, as well as an increase in demand
for complete and accurate trip-level commercial harvest statistics by fisheries managers.
The detailed data obtained through the NCTTP allows for the calculation of effort (i.e.
trips, licenses, participants, vessels) in a given fishery that was not available prior to 1994
and provides a much more detailed record of North Carolina’s seafood harvest. Annual
landings of red drum were calculated for North Carolina and reported in pounds (whole
weight) broken down by month and gear categories developed by the Commercial
Workgroup. The annual landings are reported on an annual basis of January through
December. Data used to calculate the annual landings for North Carolina from 1950 to
2013 included landings from the NCTTP (1994 to 2007), landings from NMFS (1978 to
1993), and landings from historical data (prior to 1978). Prior to 1972, monthly landings
were not recorded for North Carolina.

North Carolina also has landings from the recreational use of commercial gear allowed
through the possession of a recreational commercial gear license (RCGL). This license
allows for limited use of commercial gear to obtain fish for personal consumption. No
sale is allowed with this license. Additionally, users must adhere to recreational bag
limits. In order to estimate landings with this gear, North Carolina conducted a random
survey of license holders from 2002 to 2007. Questionnaires were mailed to 30% of
license holders each month. Information was obtained on locations fished, gears used,
species kept and species discarded. Estimates from this survey were used in the SEDAR
18 red drum assessment and a ratio to commercial gill net landings was used to estimate
landings in years before and after the survey. Estimates of removals associated with the
RCGL from 1989-2013 are summarized in Table 3.8.4

Virginia — The National Marine Fisheries Service (NMFS) collected landings data for
Virginia from 1929 through the present. From 1973 to 1992, Virginia implemented a
voluntary monthly inshore dealer reporting system. However, it was discovered that
better inshore harvest data were required so the Virginia Marine Resources Commission
(VMRC) implemented a Mandatory Reporting Program (MRP) that began January 1,
1993. The program currently is a complete census of all commercial inshore and offshore

harvest in a daily format. Data collected are species type, date of harvest, species (unit
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and amount), gear type, gear (amount and length), area fished, dealer, vessel (name and

number), hours fished (man and gear), crew amount, and county landed.

In 2001, several fields listed above (gear length, man hours, vessel information: name
and number, and crew amounts) were added to come in compliance with the Atlantic
Coastal Cooperative Statistical Program (ACCSP) identified critical data elements.
Also data collection gaps in the NMFES offshore collection program were identified and
all offshore harvest that was not a federally permitted species or sold to a federally
permitted dealer was added to the MRP. The MRP reports are collected on daily trip
tickets annually distributed to all commercially licensed harvesters and aquaculture
product owners. All harvesters and product owners must report everything harvested
and retained on the daily tickets. The daily tickets are put in monthly folders and
submitted to VMRC. The monthly folders are provided by the VMRC and due by the
5th of the following month.

Florida — Commercial harvest information was obtained from the FWC’s Marine
Fisheries Information System data and from the Fisheries Statistics Division of the
National Marine Fisheries Service (NMFES) for the years 1950 to 1988. Earlier records
came from various publications of Fisheries Statistics of the United States. No
commercial landings have been reported for Florida since 1988 when the sale of native-
caught red drum was prohibited. These data include annual landings tallied from
monthly dealer reports collected by the NMFS during the period 1950 to 1985 and trip-
specific commercial landings reported within the FWC trip ticket program during the
period 1986 to 1988. Florida trip tickets examined included edited batches 1 — 981.

Prior to 1986, landings of red drum were reported to the NMFES through monthly dealer
reports made by major fish wholesalers in Florida. Since 1986, information on what is
landed and by who in Florida’s commercial fisheries comes from the FWC*s Marine
Resources Information System, commonly known as the trip-ticket program. Wholesale
dealers are required to use trip tickets to report their purchase of saltwater products from
commercial fishers. Conversely, commercial fishers must have Saltwater Products
Licenses to sell saltwater products to licensed wholesale dealers. In addition, red drum
became a “restricted species” in late 1987 so only fishers who had Restricted Species
Endorsements on their Saltwater Products License qualified to sell red drum (though
commercial fishing effectively ended beginning in 1988). Each trip ticket includes the
Saltwater Products License number, the wholesale dealer license number, the date of the
sale, the gear used, trip duration (time away from the dock), area fished, depth fished,
number of traps or number of sets where applicable, species landed, quantity landed, and
price paid per pound. During the early years of the program some data field were
deleted from the records, e.g. Saltwater Products License number for much of 1986, or
were not collected, e.g., gear used was not a data field until about 1991. Annual
commercial harvest of red drum in Florida was sporadically available between 1889 and
the late 1920s and during the 1940s but consistently since 1950. There was a clear
increase in landings between the historic period and the early 1980s; landings averaged
0.07 million pounds during 1927 to 1940 and 0.13 million pounds during 1975 to 1984.
During the mid-1980s the commercial fisheries faced tightening restrictions resulting in
declining landings prior to being prohibited after 1987.

The commercial fishery for red drum in Florida ended in 1989 when a ‘no sale’

provision was enacted into law. Available commercial landings up through 1985 came

from monthly dealer reports of landings made to Federal port agents. These generally

represented large-volume dealers found along the coast. In 1986, a Marine Resources
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Information Program ‘trip-ticket’ system was established as the official record of

commercial landings. This system required all wholesale buyers of commercial
fisheries products to report purchases to the state conservation agency.

3.2.3 Coastwide Landings in Pounds

Commercial landings in pounds (whole weight) were summarized by state (Figure
3.9.1), region (Table 3.8.2 and Figure 3.9.2), and gear (Table 3.8.3 and Figure 3.9.3).
From 1950 to 1988, the Southern region accounted for 51% of the commercial harvest
and the Northern region, which includes coastal Atlantic US States from North
Carolina to Massachusetts, landed 49%. No commercial landings have occurred in the
Southern region since 1988. Landings of red drum were predominantly from North
Carolina; however, Florida reported a large portion of the landings from 1950 to 1988
before the sale of native-caught red drum in Florida was prohibited (Figure 3.9.1). The
dominant gear harvesting red drum was gill nets, however, beach seines appeared to
dominate the landings from 1950 to 1962 (Figure 3.9.3). The decline in beach seine
landings and the increase in gill net landings over the years from 1950 to 2013 may
suggest a shift in gear preference by fishermen harvesting red drum. Pound nets, seines,
and trawls were also on the decline during this time period. Overall, red drum
commercial landings averaged 246,161 pounds (whole weight) between 1950 and
2013. Since 1989, commercial harvest is exclusively from the Northern region and has
averaged 190,224 pounds per year with North Carolina accounting for 95% of all
harvest during this period.

Estimated landings from RCGL gill nets ranged from a high of 23,105 pounds in 1999
to a low of 2,407 pounds in 1997(Table 3.8.4). 2013 was the second highest estimate in
the time series.

3.24 Coastwide Landings in Numbers

Conversion of commercial landings in weight to numbers was based on mean weights
obtained from dependent commercial sampling by North Carolina and Virginia for the
northern region. When samples were inadequate (n<20) by gear and year, a weighted
average was obtained by pooling across gears within a year. For hook and line gears,
mean weights and length frequency distributions from the recreational fishery (MRIP)
were used. Prior to 1989, sample sizes were sparse and pooling was required across
years to obtain an adequate sample size in both North Carolina and Virginia. For this
reason, the previous red drum assessment (SEDAR 18) began with 1989 as the
beginning year. Since 1989, sampling was adequate for the majority of the landings
(i.e. gill net landings in North Carolina) and pooling was limited to minor
gears/landings (Table 3.8.5 and Table 3.8.7). Landings in numbers were reported for
North Carolina (Table 3.8.6) and Virginia north (Table 3.8.8).

Estimated landings from RCGL gill nets ranged from a high of 5,934 fish in 2013 to a
low of 504 fish in 1997 (Table 3.8.4).

Decision - It was agreed by the Workshop Panel that landings, mean weights, and
conversions of lengths to ages for the commercial catch would be done annually with
one inch size bins. Methods are consistent with SEDAR 18 with the exception that
mean weights are derived from observed values and not length-weight conversions.
Mean weights based on observed values was a recommendation by a SEDAR 18

reviewer and was endorsed by the Working Panel.
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Decision — Consistent with SEDAR 18, the Workshop Panel recommended that length
bins contain a minimum of 20 lengths per bin to describe commercial gears for any
given year. When adequate lengths are not available, lengths were substituted from
other sampled gears within the same year. Collapsing lengths across years within a
management period was a final option and only occurred if no appropriate gear lengths
were available for substitution.

Decision - Because of limited data prior to 1989, the work-up of mean weights and
length frequency by fishery was for the period of 1989-2013. This is consistent with
the final approved SEDAR 18 assessment. No commercial landings occurred in the
Southern stock from 1989 to 2013.

Decision - The Workshop Panel accepted estimates of recreational landings from gill
nets for the period of 2002 to 2007 and recommended that extrapolation using a ratio
with commercial estuarine gill net landings be used to estimate for all remaining years.
Red drum from recreational gill nets were assumed to have the same size distribution as
those from commercial gill nets.

3.3 Commercial Discards and Discard Trends

The only available data on commercial discards for red drum were provided for the
North Carolina estuarine gill net fishery. This fishery accounts for greater than 80% of
all red drum commercial harvest from 1989 to 2013 and is considered the primary
culprit of commercial discard mortality. Working paper S18-DW16 from SEDAR
(2009) provided details from an observer program conducted in North Carolina and was
the basis for discard estimates used in SEDAR 18. From this observer program, discard
estimates were derived from observer data available from 2004 to 2006. During this
period, North Carolina had coverage that was deemed adequate in terms of spatial and
temporal coverage to provide a basis to estimate discards. A similar level of observer
coverage was continued in North Carolina for the period from 2008 to 2013. Methods
used in the prior assessment were replicated for all available years with expanded
observer coverage. Discard estimates were calculated by area and season for both large
and small mesh gill nets. Large mesh gill nets were defined as having a stretched mesh
webbing of five inches or greater. CPUE was defined as the number (or weight) of dead
red drum observed per trip. In addition, a release mortality (5%; consistent with SEDAR
18) was added for red drum released alive. Total gill net trips taken using estuarine gill
nets in North Carolina were available through the NCTTP (NC Trip Ticket Program).
Extrapolation by area and season was accomplished by multiplying the observed CPUE
by the number trips made for either large or small mesh gill nets. Direct estimates from
gill net observer data were available for the years of 2004 to 2006 and for 2008 to 2013.
From these years, a ratio of harvest to discards was calculated and used to estimate
discards in the remaining years. Estimated discard mortalities from estuarine gill nets
ranged from a low of 5,515 Ibs in 2011 to a high of 97,250 lbs in 1999 (Table 3.8.9). By
number, dead red drum discards ranged from 2,136 in 2011 to 36,545 in 1999 (Table
3.8.10). On average, dead discards accounted for 33% of all removals by estuarine gill
nets. Length frequency distributions were calculated annually by fate (dead discard or
live release) and mesh size (large or small). An overall length distribution by fate and
mesh size is provided in Figure 3.9.4. Discards were predominantly undersized (16 inch
TL mode) for small mesh. Discards from large mesh nets had a more definitive bimodal
distribution with the majority of the fish being around 16 inches TL and another mode
around 27 inches TL.
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For North Carolina, the period of 1999 to 2013 had consistent regulations dealing with
commercial size limits (18 to 27 inches TL) and bycatch only fishery with a daily trip
limit of four to ten fish. Prior to this period, from 1992 to 1998, North Carolina had the
same slot limit but no trip limit. For the period of 1989 to 1991, North Carolina had no
trip limit and a 14 inch to 32 inch slot limit. When calculating numbers at length, the
length distributions from 1999 to 2013 were adjusted when applied to these prior
management periods so that regulatory discards were not assumed to occur within the
legal slot limit. Adjustments were only made to the assumed size distribution and not to
the total estimated number of discards.

Decision - The Workshop Panel accepted estimates of discards from the North Carolina
estuarine gill net fishery from 2004 to 2006 and 2008 to 2013 and recommended using a
ratio with commercial gill net landings as a method to estimate discards in 2007 and prior
to 2004.

3.4 Commercial Effort

Trip level commercial data were available from North Carolina (1994 to 2013) and
Virginia (1993 to 2013), however, catch effort data from the red drum commercial fishery
were confounded by trip limits put into place in 1992 for Virginia and in 1998 for North
Carolina. Trip level information was also available in Florida but only for the years 1986
to 1988. After 1988, the sale of native caught red drum in Florida became prohibited.

3.5 Biological Sampling
3.5.1  Sampling Methods

All biological sampling available to describe the commercial fishery for the period of 1989
to 2013 came from North Carolina and Virginia. During this period, North Carolina
accounted for 95% of the total harvest by weight and Virginia accounted for 4%.

North Carolina - Commercial length frequency data were obtained by the NCDMF
commercial fisheries 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. Major commercial gears for North Carolina are gill net, long haul
seine, and pound net. Commercial samples were taken throughout the year and from all
areas where red drum were landed. Dependent length frequency data for red drum in
North Carolina began in the early 1980’s. Data adequate to describe the major fisheries
is available beginning in the late 1980’s. Work-up in this report begins with 1989.

Virginia - In 1989 a biological sampling program (BSP) was initiated, with the intention
of establishing a long-term database with biological data (lengths, weights, sex and age
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composition) from the commercial finfish fishery in Virginia. Sampled species were

chosen if there was a current or upcoming management plan, either for Virginia, the
Chesapeake Bay or interstate or federal, or if the species was managed by regulation.
Species were ranked, by commercial landings in Virginia, and the ranking was used as a
second criterion for sampling. Red drum have been sampled (for length and weight)
since the program’s inception. Since 1998 VMRC has been in a cooperative agreement
with Old Dominion University Center for Quantitative Fisheries Ecology Laboratory
(CQFE). All ageing of finfish collected by the BSP are processed by CQFE.

Field sampling at fish processing houses or dealers involved multi-stage random
sampling. Targets were set per species based on mandatory reporting of harvest data by
harvesters from the previous years. A three year moving average of landings by gear and
by month (or other temporal segment) provided a preliminary goal for the amount of
length and weight samples to be collected. Real time landings were used to adjust the
preliminary targets. Targets for aging samples were tracked and collection updates were
done weekly. The goal of otolith collection was to correspond to the frequency
distribution in lengths from past seasons, according to 1-inch length bins. Methods for
processing and aging of otoliths are provided in the Life History Section.

Subsamples of a catch or batch were processed for sex information (gender and gonadal
maturity or spawning condition index). Such subsamples were indexed by visual
inspection of the gonads. Females were indexed as gonadal stage I-V with males as I-IV.
Stage I represents an immature or resting stage of gonadal development and stages IV
(males) and V (females) represent spent fish. Fish that cannot be accurately categorized,
in terms of spawning condition, were not assigned a gonadal maturity stage.

Ancillary data, for fish sampled at dealers, were also collected and included: species
grade or market category, harvest area, gear type used, and total catch by species market
category. This information allowed for the expansion of sample size to the total harvest
reported for a species. Market category and species grade are not typical for red drum.

Biological data to describe the commercial harvest for the states north of Virginia were
limited and incomplete. Landings in this region are historically low and accounted for
just 1% of the harvest from 1989 to 2013.

South Carolina — No biological sampling data were provided for South Carolina
commercial landings. South Carolina had landings for the period of 1981 to 1987,
primarily from gill nets, hook and line, and trawls. Annual landings (all gears combined)
ranged from 808 lbs in 1981 to 14,689 Ibs in 1987. After 1987, commercial sale of red
drum in South Carolina was prohibited.

Georgia - No biological sampling data were provided for Georgia commercial landings.
During the 1980’s, landings were primarily from hook and line, gill nets, and trawls. Since
1989, landings are all considered to be from hook and line. Any estimates of landings are
anticipated to be accounted for within the MRIP recreational harvest estimates.

Florida — Florida has had no commercial landings since 1987 and no summary is provided in
this report. Commercial length frequency data from Florida in the 1980’s are provided as
part of SEDAR 18 and are summarized in the working paper S18-DWO08. In summary,
biostatistics data were opportunistically collected during a red drum life history study
conducted during the period 1981to 1983 (Murphy and Taylor 1990) and during
supplemental sampling of commercial gears in 1987 and 1988 while conducting tagging
operations. Generally, individual fish lengths, gear type, and date were recorded at the

very least, with more in depth sample processing for sex, weight, and aging parts for life
SEDAR 44 SAR Section | 56



Data Workshop Report Atlantic Red Drum
history research and for mortalities observed during tagging operations.

3.5.2 Sampling Intensity Length/Age/Weight

Sampling intensity to describe the commercial harvest was evaluated based on the
number of lengths collected by gear and year for each of the states providing commercial
length data. A minimum threshold of 20 lengths was set by the Data Workshop Panel to
describe a gear by year. This criterion was maintained as it was consistent with SEDAR
18 and was developed for the continuity run.

North Carolina - Since the late 1980’s North Carolina has been the major commercial
harvester of red drum, typically accounting for >90% of the coast wide annual landings
(Figure 3.13.1). Since 1989, greater than 70% of the harvest has been represented by
adequate length sampling (n > 20). For most years, particularly since 1992, this total
exceeded 95% (Table 3.12.11).

Virginia — Landings in Virginia were small relative to North Carolina and since 1989
have typically accounted for less than 5% of the coastwide total (Figure 3.9.1). As a
result of the low landings, commercial sampling for lengths from Virginia was
relatively poor throughout the time series of 1989 to 2013 (Table 3.8.12)

Available age and weight data were combined from both North Carolina and Virginia for
the development of annual age length keys and length-weight conversions. A single
length-weight conversion was calculated for the entire period (n=9,951 individuals).
Annual age-length keys using 1-inch length bins were developed for each year where
data were available. This included every year from 1989 to 2013. Annual age length
keys had sample sizes ranging from 259 to 770 fish per year. A pooled key was used to
fill any wholes by size bin in the annual keys.

Florida — The adequacy of length, age, and weight data for Florida are described in
working paper S18-DWO08. In summary, Florida was a major contributor to commercial
landings from 1981to 1987. Length, age, and weight data were sampled for major
commercial gears (gill net, hook and line, seine, and trammel net) from 1981to 1983.
Additional trammel net lengths were obtained in 1987 and 1988. Mean weight by gear
and year was obtained from either fish that were directly weighed for whole weight or
from all red drum measured (and then converted to weight). Sampling for length data
only exceeded the minimum threshold (n> 20) from 1981 to 1983 for gill nets and
trammel nets and in 1982 for hook and line and seines. Where sampling was deemed
inadequate for either lengths or mean weights, extrapolations and interpolations by gear
and year were required. Annual age length keys for Florida were not generated due to
low sample sizes. Age data (n=593 individuals) for Florida were pooled across gears
and years for the period of 1981to 1988. Missing data (age 10 and age 12 fish) were
filled with age-length data from angler catches.

South Carolina and Georgia — No biological sampling of red drum occurred for either
South Carolina or Georgia. Biological length data from Florida will be used to describe
commercial landings from 1981 to 1985 during a time when size limits were similar
between the states. All hook and line landings for the entire time series will be described
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from state specific recreationally sampled fish in the MRFSS survey. Additional

commercial landings after 1985 will be described using available length data from North
Carolina. While data are limited from South Carolina and Georgia, the overall
contribution of these states is low for the southern region (South Carolina and south)
where Florida accounted for >90% of the landings from 1981 to 1985. Annual age-
length keys for the south region are described in the Life History Section (2.0) and will
be used to derive the age composition for commercially captured red drum in these two
states.

3.5.3  Length/Age Distributions

Length distributions for the northern region were derived from commercial length data
provided from North Carolina and Virginia. All length distributions were described
annually in one inch length bins with the length bin provided representing the floor (i.e.
15 inches = 15.0 to 15.99). As previously described, a minimum of 20 lengths by year
and gear were required to represent a gear. Collapsing occurred first across gears
within a year and secondly across years within a uniform management period (i.e.
constant size limit). An annual age length key representing the northern region (North
Carolina and north) was developed using all available age data from North Carolina
and Virginia (see Life History Section 2.10 for details). Any “holes” in the age-length
key were filled using a pooled (across all years) key.

Length and age distributions for the northern region are presented by major gears in
Table

3.8.13 and Table 3.8.14. For the length distributions, all gears showed a notable shift
towards larger fish, particularly after 1991 when both North Carolina and Virginia
implemented a minimum size limit change from 14 to 18 inches total length (Figure
3.9.5). Likewise, the harvest of larger red drum has declined as harvest and sale of
federally harvested adult red drum became illegal after 1992 in North Carolina.
Similar to shifts in the length distributions, a notable shift in the age distribution from
age-1 to age-2 fish was noted in 1992. Current commercial harvest of red drum within
the existing slot limits is primarily on age-2 and to a lesser extent age-1 and age-3 fish.
The combined CAA for all removals is provided in Table 3.8.15.

3.6.4 Adequacy for Characterizing Catch

Available length data by gear for the northern region are available in Table 3.8.11 for
North Carolina and Table 3.8.12 for Virginia. Based on the minimum criteria of 20
lengths per year by gear, sampling was particularly poor prior to 1989. Since 1989,
commercial sampling has been adequate to describe the vast majority of landings with
length substitutions limited to minor gears. Age data from all sources (commercial,
recreational, and independent) for the northern region were combined to generate annual
age length keys. Weighted length frequency distributions by gear and year were then
applied to the annual age length keys. Since 1989, annual age length keys have typically
had sample sizes exceeding 300 fish. A pooled key (across years) was used to fill holes
where the sample size in a single length bin was less than 10 fish.

3.6.5 Alternatives for Characterizing Discard Length/Age

Currently, the only available data to describe commercial discards are from an observer

program for the North Carolina estuarine gill net fishery for the period of 2004 to 2006

and 2008 to 2013. Data work-up was consistent with methods applied in SEDAR 18. A

detailed description is provided in the working paper S18-DW16. The North Carolina
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estuarine gill net fishery is presumed to be the primary culprit of commercial red drum

discards in North Carolina. The commercial working group investigated available data
and methods to extrapolate discard estimates out for the entire time series. In SEDAR
18 the ratio of discards to landings was used to extrapolate discard numbers for each
year. This method was also employed in this report. Other methods considered
included using relationship of independent indices to discards as a means to extrapolate.
No satisfactory relationship was found and no available index provides a time series
spanning back to 1989.

A generalized linear model (GLM) framework was also investigated in order to predict
red drum discards in North Carolina’s estuarine gill-net fishery based on data collected
during 2004 through 2013. This model used effort data from the NC Trip Ticket Program
and discard data from the observer program. Only those variables available to both data
sources could be considered as potential covariates in the model. Available variables
included mesh size, year, and area; these were all treated as categorical variables in the
model. Mesh sizes were categorized as large (=5 inches) or small (<5 inches). Effort was
measured as soak time (days) multiplied by net length (yards). Live and dead discards
were modeled separately; attempts at modeling total discards (live plus dead together)
resulted in convergence issues.

All available covariates were included in the initial model and assessed for significance
using the appropriate statistical test. Non-significant covariates were removed using
backwards selection to find the best-fitting predictive model. The offset term was included
in the model to account for differences in fishing effort among observations (Crawley
2007; Zuur et al. 2009, 2012). Using effort as an offset term in the model assumes that the
number of red drum discards is proportional to fishing effort (A. Zuur, Highland Statistics
Ltd., pers. comm.).

The best-fitting GLM for the model of live discards included year, mesh size, and area as
significant covariates. For the model of dead discards, the best fitting model included year
and area as significant covariates. Results of the GLM typically overestimated discards
relative to either a direct estimate from years where observer data were available or from
the ratio method (Figure 3.9.6). The GLM predicted a steady decreasing trend from 1989
to 2004 with little annual variability. This trend seems unlikely given that red drum
recruitment is widely variable and discards predominantly from one or two year classes
each year (predominately age-1). Data for the GLM was unavailable prior to 1994, the
year the NC trip ticket program began. By comparison, the ratio method predicted a more
variable trend as reflected by recruitment and landings. For this reason, the Workshop
Group recommended continued use of the ratio method consistent with SEDAR 18.
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3.8  Tables
Table 3.8.1 ACCSP gears included in each of the SEDAR 44 gear categories.
SEDARI1S ACCSP
CATEGORY GEAR_CODE GEAR_NAME CATEGORY_NAME

Beach Seine 20 Other Seines Other Seines
Beach Seine 76 Stop Net Other Fixed Nets
Gill Nets 132 Pots and Traps, Blue Crab Pots and Traps
Gill Nets 138 Pots and Traps, Eel Pots and Traps
Gill Nets 139 Pots and Traps, Fish Pots and Traps
Gill Nets 162 g(gzl‘;‘é‘femp s, Lobster Pots & Traps, Lobster
Gill Nets 180 Pots and Traps, Other Pots & Traps, Other
Gill Nets 200 Gill Nets Gill Nets
Gill Nets 201 Gill Nets, Floating Drift Gill Nets
Gill Nets 204 Gill Nets, Sink Anchor Gill Nets
Gill Nets 205 Gill Nets, Runaround Gill Nets
Gill Nets 206 Gill Nets, Stake Gill Nets
Gill Nets 207 Gill Nets, Other Gill Nets
Gill Nets 210 Trammel Nets Trammel Nets
Hook and Line 300 Hook and Line Hook and Line
Hook and Line 301 Hook and Line, Manual Hook and Line
Hook and Line 303 Electric/Hydraulic, Bandit Reels Hook and Line
Hook and Line 320 Troll Lines Troll Lines
Hook and Line 660 Spears Spears
Hook and Line 700 Hand Line Hand Line
Hook and Line 701 Troll and Hand Lines CMB Hand Line
Other 0 Not Coded Not Coded
Other 60 Fyke Nets Fyke Nets
Other 73 Floating Traps (Shallow) Other Fixed Nets
Other 74 Bag Nets Other Fixed Nets
Other 400 Long Lines Long Lines
Other 401 Long Lines, Vertical Long Lines
Other 403 Long Lines, Bottom Long Lines
Other 404 Long Lines, Surface, Midwater Long Lines
Other 405 Long Lines, Trot Long Lines
Other 500 Dredge Dredge
Other 503 Dredge, Clam Dredge
Other 511 Dredge, New Bedford Dredge
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Table 3.18.1 (cont.)

Other 551 Cast Nets Dip Nets
Other 602 Patent Tongs Tongs
Other 622 Rakes, Oyster Rakes, Oyster
Other 800 Other Gears Other Gears
Other 801 Unspecified Gear Other Gears
Other 802 Combined Gears Other Gears
Pound Net 50 Pound Nets Pound Nets
Seine 10 Haul Seines Haul Seines
Seine 22 Common Seine Other Seines
Trawls 91 Otter Trawl Bottom, Crab Otter Trawls
Trawls 92 Otter Trawl Bottom, Fish Otter Trawls
Trawls 94 Otter Trawl Bottom, Scallop Otter Trawls
Trawls 95 Otter Trawl Bottom, Shrimp Otter Trawls
Trawls 96 Otter Trawl Bottom, Other Otter Trawls
Trawls 97 Otter Trawl Midwater Otter Trawls
Trawls 110 Other Trawls Other Trawls
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Table 3.8.2 Red drum commercial landings (pounds, whole weight) by region for the US
Atlantic coast. Northern region includes states from Massachusetts to North Carolina.

Southern region includes landings from South Carolina, Georgia, and east coast Florida.

US Atlantic
Year North South Total
1950 385,100 242,700 627,800
1951 262,500 275,500 538,000
1952 271,100 216,600 487,700
1953 306,300 196,000 502,300
1954 310,200 169,800 480,000
1955 173,100 169,400 342,500
1956 51,100 164,900 216,000
1957 162,900 108,600 271,500
1958 44,400 102,500 146,900
1959 38,500 131,200 169,700
1960 108,900 133,600 242,500
1961 101,700 116,400 218,100
1962 73,800 162,200 236,000
1963 73,900 142,000 215,900
1964 106,100 133,000 239,100
1965 167,500 163,700 331,200
1966 38,500 158,200 196,700
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Table 3.8.2 (cont.)

1967 13,900 154,900 168,800
1968 12,600 173,600 186,200
1969 5,000 122,700 127,700
1970 7,600 150,300 157,900
1971 17,900 88,400 106,300
1972 48,819 133,200 182,019
1973 77,364 171,900 249,264
1974 158,137 142,800 300,937
1975 234,036 105,700 339,736
1976 186,859 115,900 302,759
1977 20,137 109,400 129,537
1978 24,174 109,348 133,522
1979 128,517 95,386 223,903
1980 243,623 196,821 440,444
1981 93,620 259,443 353,063
1982 54,261 141,649 195,910
1983 261,671 108,564 370,235
1984 285,620 136,796 422,416
1985 153,776 95,982 249,758
1986 255,476 90,497 345,973
1987 252,257 62,215 314,472
1988 232,371 3,587 235,958
1989 283,556 - 283,556
1990 184,726 - 184,726
1991 128,349 - 128,349
1992 131,591 - 131,591
1993 246,857 - 246,857
1994 152,495 - 152,495
1995 251,788 - 251,788
1996 116,076 - 116,076
1997 56,618 - 56,618
1998 301,754 - 301,754
1999 386,305 - 386,305
2000 285,098 - 285,098
2001 155,733 - 155,733
2002 90,749 - 90,749
2003 98,800 - 98,800
2004 54,911 - 54,911
2005 130,528 - 130,528
2006 176,771 - 176,771
2007 257,438 - 257,438
2008 237,716 - 237,716
2009 210,247 - 210,247
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Table 3.8.2 (cont.)
2010 235,847 - 235,847
2011 96,380 - 96,380
2012 77,695 - 77,695
2013 407,578 - 407,578
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Table 3.8.3. Red drum commercial landings (pounds, whole weight) by gear for the US
Atlantic coast (see text for gear descriptions). Landings included from Massachusetts to

Florida.
US Atlantic Coast

Year Beach Seine Gill Nets Hook-n- Other Gears Pound Net Seines Trawls Total
1950 257,600 129,500 112,800 103,300 24,600 627,800
1951 273,900 94,800 85,300 54,500 29,500 538,000
1952 277,300 91,700 52,500 28,000 38,200 487,700
1953 326,500 103,800 32,400 9,100 30,500 502,300
1954 212,100 103,600 49,600 85,200 29,500 480,000
1955 128,100 69,400 92,900 43,600 8,500 342,500
1956 43,100 62,300 102,100 7,300 1,200 216,000
1957 157,700 40,900 59,300 13,200 400 271,500
1958 48,900 21,600 55,100 19,700 1,600 146,900
1959 29,500 49,400 77,100 12,200 1,500 169,700
1960 105,700 47,500 67,200 12,300 9,800 242,500
1961 113,400 72,900 23,600 2,900 5,300 218,100
1962 77,100 102,600 47,000 6,400 2,900 236,000
1963 82,900 91,500 39,200 800 1,500 215,900
1964 49200 71,200 31,500 2,000 84,400 800 239,100
1965 59,600 88,600 53,500 71,500 58,000 331,200
1966 38,600 88,200 40,000 100 1,300 21,700 6,800 196,700
1967 23,900 100,400 37,000 2,000 4,900 600 168,800
1968 29,100 112,800 32,900 2,300 7,500 1,600 186,200
1969 9,500 86,200 28,400 2,400 1,200 127,700
1970 10,400 115,900 27,000 600 2,400 1,600 157,900
1971 10,400 73,900 12,200 100 3,700 3,100 2,900 106,300
1972 20,151 100,119 29,200 200 21,193 5,551 5,605 182,019
1973 24,333 153,749 27,400 138 11,664 21,100 10,880 249,264
1974 42,526 115,893 35,900 37,946 65,321 3,351 300,937
1975 46,965 92,548 23,638 33,809 66,740 76,036 339,736
1976 27,548 132,043 27,700 100 26,630 76,700 12,038 302,759
1977 12,118 79,697 24,400 301 11,759 1,262 129,537
1978 10,774 75,439 23,109 3,875 1,346 4,200 14,779 133,522
1979 9,361 128,282 20,306 9,741 43200 13,013 223,903
1980 35,465 209,807 41,519 29,984 71,382 52,287 440,444
1981 26,589 207,871 54,261 36,357 11,254 16,731 353,063
1982 15,119 122,223 29,628 16 4,081 6,947 17,896 195,910
1983 26,860 215,303 23,552 97 36,247 21,065 47,111 370,235
1984 31,057 263,111 30,329 3,229 6,919 20,421 67,350 422416
1985 12,391 149,306 22,343 2,216 3,227 13,738 46,537 249,758
1986 14,739 174,332 19,803 1,376 9,440 71,053 55230 345,973
1987 11,481 167,161 19,351 322 60,832 35,567 19,758 314,472
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Table 3.8.3. (cont.)
US Atlantic Coast

Year Beach Seine Gill Nets Hook-n-Line Other Pound Net Seines Trawls Total
1988 12,071 133,535 7,134 63 26,378 23972 32,805 235,958
1989 15,898 142,572 4,260 40354 611 24360 283556
1990 27,269 97,977 876 63 257796 1823 14511 184,726
1991 13,987 78,606 674 154 19,734 4,348 10,846 128,349
1992 2,220 106,313 306 13,351 6,341 3,060 131,591
1993 10,443 204,504 3,108 31 11,617 1074 6406 246,857
1994 2,125 114,588 2,330 122 9,874 1643 7021 152,495
1995 6,208 181,241 3,133 130 21,285 3863 1,162 251,788
1996 4,639 91,896 2,135 262 6,290 9,555 1,300 116,076
1997 2,824 37,452 1,956 196 4343 9,688 160 56,618
1998 5,931 249,059 4,360 505 4,181 37,61 100 301,754
1999 4,355 358,622 3,499 143 13,627 4,014 2,044 386,305
2000 19,690 246,838 3,063 23 10,338 2,990 2,156 285,098
2001 2,424 141,762 1,489 14 8,638 981 425 155,733
2002 769 76,731 942 524 9,427 2,029 329 90,749
2003 979 87,589 369 94 3,786 1,365 4,620 98,800
2004 610 50,600 265 12 2,023 1,306 97 54911
2005 1,661 117,755 351 533 9,540 638 50 130,528
2006 1,843 159,466 512 5,191 7,304 2,263 192 176,771
2007 1,031 233,920 615 6,731 11,390 3,109 642 257,438
2008 720 223,190 413 197 8,044 2564 2,588 237,716
2009 547 194,739 1,383 730 8,310 4,206 332 210,247
2010 610 223,298 841 89 8,789 2,191 28 235,847
2011 210 88,351 260 3 6,144 1412 96,380
2012 77 64,003 517 104 4,648 196 8,149 77,695
2013 449 357413 4,065 4,449 34,507 6,323 372 407,578
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Table 3.8.4. Summary of all estimated removals associated with Recreational Commercial
License (RCGL) gill nets in North Carolina from 1989 to 2013. Underlined values were
estimated using the ratio to harvest.

Y RCGL Removals

ear Numbers Pounds
1989 3,694 9,086
1990 2,730 6,388
1991 1,709 4,425
1992 1,480 6,869
1993 2,415 13,088
1994 1,555 7,464
1995 2,403 11,774
1996 1,242 5,938
1997 504 2,407
1998 5,025 16,132
1999 5,462 23,105
2000 3,247 15,715
2001 1,924 9,141
2002 3,047 12,736
2003 1,167 5,368
2004 1,357 7,084
2005 1,922 8,015
2006 1,889 9,048
2007 2,133 9,748
2008 1,653 8,215
2009 2,867 12,388
2010 2,856 14,451
2011 1,174 5,482
2012 953 4,032
2013 5,934 22,251
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Table 3.12.5. North Carolina mean weights (in pounds) by gear based on individual weights
obtained from fishery dependent sampling. Underlined numbers represent values that were
obtained by pooling across gears within a year.

Year | Beach Seine Gill Net Haul Seine  Pound Net Trawl Lines Other
1989 6.95 2.46 13.26 6.95 6.95 3.31 6.95
1990 3.23 2.34 12.08 3.23 7.60 2.76 3.23
1991 3.45 2.59 3.45 3.45 7.09 2.74 3.45
1992 4.79 4.64 4.98 4.79 6.22 4.57 4.79
1993 5.55 5.42 3.76 5.55 5.55 4.87 5.55
1994 5.13 4.80 5.11 5.13 5.13 6.95 5.13
1995 4.95 4.90 4.34 4.95 5.72 5.06 4.95
1996 4.90 4.78 4.64 5.65 4.90 5.09 4.9
1997 4.74 478 4.74 4.74 4.74 4.16 4.74
1998 3.09 3.21 2.75 3.09 3.09 5.43 3.09
1999 6.01 4.23 4.36 4.36 5.53 5.29 4.36
2000 5.54 4.84 3.82 4.93 4.93 5.72 4.93
2001 4.80 4.75 4.80 4.80 4.96 6.48 4.80
2002 4.33 4.18 4.97 4.33 4.68 3.72 4.33
2003 4.53 4.60 4.53 4.53 4.53 4.83 4.53
2004 4.73 5.22 5.09 5.09 5.09 447 5.09
2005 4.39 4.17 4.39 4.39 5.99 5.04 4.39
2006 5.12 4.79 5.27 491 6.26 4.69 491
2007 4.58 4.57 3.53 5.46 4.95 5.44 4.58
2008 5.11 497 5.11 5.11 6.52 4.56 5.11
2009 6.89 4.32 3.53 4.38 5.46 5.02 4.38
2010 5.15 5.06 5.15 5.15 6.46 4.42 5.15
2011 4.74 4.67 4.74 4.74 5.59 4.70 4.74
2012 4.14 4.23 4.14 4.14 3.14 4.50 4.14
2013 3.58 3.75 3.73 3.84 4.66 4.12 3.84
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Table 3.8.6. Estimated commercial landings (numbers) of red drum from North Carolina
during 1989 to 2013 by major gear category.

Year Beach Seine Gillnet Haul Seine Poundnet Trawl Lines Other Total
1989 1,928 56,655 4,232 5,519 3,419 1,015 - 72,767
1990 8,442 41,871 1,509 3,303 4,321 245 - 59,691
1991 1,550 26,176 1,260 1,111 2,908 191 43 33,239
1992 416 22,702 1,273 2,007 482 42 - 26,921
1993 1,534 37,032 2,859 1,618 1,105 618 - 44,766
1994 414 23,849 3,187 1,026 309 333 20 29,137
1995 1,254 36,873 8,732 3,430 100 613 23 51,025
1996 947 19,073 2,049 1,017 161 410 8 23,664
1997 596 7,718 2,004 296 33 383 31 11,061
1998 1,919 76,969 12,975 439 24 783 1 93,110
1999 725 83,689 424 1,725 160 465 12 87,199
2000 3,554 49,800 456 951 189 497 9 55,457
2001 505 29,517 103 1,090 29 143 4 31,392
2002 178 17,577 224 1,181 12 90 24 19,285
2003 216 18,638 236 542 - 46 15 19,693
2004 129 9,646 197 366 14 41 - 10,394
2005 378 28,048 135 1,542 6 53 6 30,168
2006 360 33,049 366 1,064 17 81 18 34,954,
2007 225 50,516 624 1,850 43 27 6 53,291
2008 141 44,485 128 1,096 2 36 5 45,893
2009 79 43,953 779 1,270 1 32 5 46,120
2010 118 43,778 345 1,184 2 56 4 45,487
2011 44 18,021 296 1,080 - 36 - 19,478
2012 19 14,631 19 1,295 19 69 6 16,056
2013 125 91,026 501 5,869 4 183 42 97,751
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Table 3.8.7. Virginia mean weights (in pounds) by gear based on individual weights obtained
from fishery dependent sampling. Underlined numbers represent values that were obtained by
pooling across gears within a year. Shaded with underline represent further pooling across
years within a management period. Virginia mean weights were applied to all commercial
landings from Virginia and north.

Year Gill Seine Trawl Pound Lines Other
Net Net
1989 1.31 1.37 1.37 1.51 3.31 1.37
1990 . 1.35 1.35 1.35 2.76 1.35
1991 1.29 1.29 1.36 2.02 2.74 1.36
1992 2.03 2.03 2.03 2.03 4.57 2.03
1993 6.99 6.99 6.99 6.99 4.87 6.99
1994 9.96 8.41 9.96 9.96 6.95 9.96
1995 3.56 3.56 3.56 3.56 5.06 3.56
1996 3.56 3.56 3.56 3.56 5.09 3.56
1997 3.56 3.56 3.56 3.56 4.16 3.56
1998 3.54 3.54 3.54 2.53 5.43 3.54
1999 6.17 6.17 6.17 6.84 5.29 6.17
2000 7.73 7.73 7.73 6.24 5.72 7.73
2001 11.74 11.74 11.74 12.18 6.48 11.74
2002 8.64 423 8.64 9.69 3.72 8.64
2003 4.65 4.65 4.65 4.69 4.83 4.65
2004 421 4.21 421 421 4.47 421
2005 2.22 3.76 3.76 2.85 5.04 3.76
2006 3.54 3.54 3.54 3.54 4.69 3.54
2007 4.5 4.67 4.5 4.45 5.44 4.5
2008 3.89 2.91 3.89 3.89 4.56 3.89
2009 475 3.54 4.61 5.53 5.02 4.61
2010 491 491 491 491 4.42 491
2011 4.21 4.21 4.21 421 4.70 421
2012 6.55 4.8 4.8 4.8 4.50 4.8
2013 3.63 3.75 3.7 3.73 4.12 3.75

*Beach and Haul Seines were combined for Virginia and north.
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Table 3.8.8. Estimated commercial landings (numbers) of red drum for all states from
Virginia and north during 1989-2013 by major gear category.

Year Gill Net Seine Trawl Pound Lines Other Total
1989 2,443 1,825 438 1,325 272 0 6,302
1990 0 0 410 513 72 47 1,043
1991 8,381 6,696 599 5,871 55 22 21,624
1992 481 112 371 503 25 0 1,493
1993 542 276 39 377 20 4 1,259
1994 12 18 546 463 2 0 1,040
1995 158 206 188 468 6 2 1,027
1996 204 14 110 367 10 60 765
1997 157 53 1 826 87 18 1,142
1998 562 547 7 1,116 20 142 2,395
1999 748 351 218 598 196 17 2,129
2000 751 161 159 905 38 0 2,014
2001 132 41 24 265 87 0 550
2002 377 216 32 402 163 49 1,240
2003 399 64 994 283 30 6 1,776
2004 59 71 6 38 18 3 195
2005 359 12 6 106 17 135 634
2006 328 95 31 181 29 1,464 2,128
2007 681 194 90 502 86 1,490 3,043
2008 540 656 662 231 55 44 2,189
2009 1,024 412 71 249 243 153 2,152
2010 363 85 3 232 135 14 832
2011 996 2 0 25 19 1 1,043
2012 323 25 1,682 121 46 17 2,214
2013 4,426 1,188 95 1,918 804 1,143 9,574

SEDAR 44 SAR Section |

72



Data Workshop Report Atlantic Red Drum

Table 3.8.9. Summary of all estimated mortalities in pounds associated with the
commercial estuarine gill net fishery in North Carolina. Underlined values estimated
using ratio to harvest.

Commercial Estuarine Gill Net Discard Mortality
Dead Discards (Ib) Live Release Mortality (Ib) Combined (Ib)
Year | SmallMesh LargeMesh SmallMesh LargeMesh All Mesh Sizes
1989 5.489 15,837 1,328 1,450 24,104
1990 4,056 11,704 982 1,072 17,814
1991 2,539 7.326 614 671 11,150
1992 4,685 15,380 634 1,135 21,834
1993 7.642 25,087 1,034 1,851 35,615
1994 4921 16,154 666 1,192 22,933
1995 7.604 24,963 1,029 1,842 35.438
1996 3.932 12,906 532 952 18,322
1997 1,594 5.232 216 386 7.427
1998 15,905 52,211 2,152 3,852 74,120
1999 23,949 65,728 2,742 4.831 97,250
2000 14,236 39,071 1,630 2.871 57.808
2001 8.438 23,158 966 1,702 34,265
2002 5.020 13,778 575 1,013 20,386
2003 5.323 14,610 610 1,074 21,616
2004 1,370 13,117 490 1,205 16,182
2005 8,403 55,382 641 2,954 67,379
2006 7,106 27,146 469 1,459 36,180
2007 14,440 39,631 1,653 2913 58,637
2008 15,185 79,728 1,403 2,507 98,824
2009 14,295 46,052 1,346 1,667 63,359
2010 1,274 12,195 574 1,478 15,522
2011 1,122 3,852 46 495 5,515
2012 9,288 7,567 754 1,397 19,005
2013 30,615 30,629 5,103 3,533 69,880
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Table 3.8.10. Summary of all estimated mortalities in numbers associated with the

commercial estuarine gill net fishery in North Carolina 1989 to 2013. Underlined values
estimated using ratio to harvest.

Commercial Estuarine Gill Net Discard Mortality Numbers

Dead Discards Live Release Mortality Combined
Year| Small Large Mesh Small Mesh Large All Mesh Sizes
1989 7,128 15,228 977 1,381 24,713
1990 5,268 11,254 722 1,021 18,264
1991 3,297 7,044 452 639 11,432
19920 2.857 6.103 391 553 9.905
1993 4,660 9.955 638 903 16,156
1994 3.001 6.410 411 581 10,404
1995 4,637 9.906 635 898 16,076
1996 2.397 5.121 328 464 8.312
1997 972 2.076 133 188 3.369
1998 9.698 20,719 1,329 1.879 33,624
1999 10,541 22,518 1,444 2,042 36,545
2000 6,266 13,386 858 1,214 21,724
2001 3,714 7.934 509 720 12,876
2002 2.210 4.720 303 428 7.661
2003 2,343 5.005 321 454 8.123
2004 594 7,560 330 785 9,268
2005 3,830 18,279 474 1,415 23,997
2006 4,539 9,615 344 886 15,384
2007 6.356 13,578 871 1,231 22,035
2008 3,757 20,714 348 1,200 26,019
2009 6,246 9,615 490 453 16,804
2010 805 3,747 402 582 5,536
2011 380 1,603 29 125 2,136
2012 7,335 3,757 1,090 892 13,073
2013 13,619 12,923 2,125 1,627 30,294
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Table 3.8.11. Red drum lengths sampled from the commercial fishery in North Carolina and the percent
of harvest that a gear contributed to the overall annual commercial landings. Areas shaded in gray where
less than 20 lengths were available by gear in a given year. Percent adequate column represents the
percentage of landings that had adequate sampling based on a minimum of 20 lengths by gear and year.

Beach Seine Gill Nets Long Haul Trawls Pound Net Rod-n-Reel Others
Year #meas %Harv #meas %Harv #meas %Harv #meas %Harv #meas %Harv #meas %Harv #meas % Harv % adequate
1989 0 5% 60 51% 44 20% 8 9% 11 14% recA+Bl 1% 0 0% 72%
1990 0 15% 398 53% 47 10% 2 8% 69 14%  recA+Bl 0% 0 % 77%
1991 18 6% 121 71% 10 5% 0 10% 34 8%  recA+Bl 1% 0 % 79%
1992 6 2% 231 82% 94 5% 1 2% 55 10% recA+Bl 0% 0 0% 97%
1993 3 4% 546 84% 41 5% 5 3% 8 4%  recA+Bl 1% 0 0% 90%
1994 9 1% 84 81% 42 11% 1 1% 6 4%  recA+Bl 2% 0 0% 94%
1995 0 3% 324 73% 9% 15% 1 0% 75 8%  recA+Bl 1% 0 0% 97%
1996 0 4% 31 80% 58 8% 24 1% 7 4%  recA+Bl 2% 0 0% 91%
1997 7 5% 249 70% 7 18% 0 0% 9 3% recA+Bl 3% 0 0% 73%
1998 0 2% 737 84% 340 12% 0 0% 5 0% recA+Bl 1% 0 0% 97%
1999 35 1% 903 95% 16 0% 0 0% 54 3% recA+Bl 1% 0 0% 99%
2000 69 7% 602 89% 23 1% 19 0% 12 2%  recA+Bl 1% 0 0% 98%
2001 1 2% 381 94% 2 0% 2 0% 33 4%  recA+Bl 1% 0 0% 98%
2002 1 1% 393 90% 35 1% 0 0% 38 7%  recA+Bl 0% 0 0% 99%
2003 8 1% 356 95% 18 1% 0 0% 2 3% recA+Bl 0% 0 0% 95%
2004 57 1% 259 93% 6 2% 0 0% 6 3% recA+Bl 0% 0 0% 95%
2005 7 1% 730 91% 2 0% 0 0% 72 7%  recA+Bl 0% 0 0% 98%
2006 40 1% 1164 94% 25 1% 0 0% 60 4%  recA+B1 0% 0 0% 100%
2007 12 0% 1334 95% 22 1% 62 0% 126 4%  recA+Bl 0% 0 0% 100%
2008 8 0% 1124 96% 0 0% 0 0% 79 3% recA+Bl 0% 0 0% 100%
2009 27 0% 1049 95% 47 1% 0 0% 45 3% recA+Bl 0% 0 0% 100%
2010 13 0% 1015 96% 10 1% 0 0% 75 3% recA+Bl 0% 0 0% 100%
2011 6 0% 593 91% 4 2% 0 0% 44 7%  recA+Bl 0% 0 0% 100%
2012 0 0% 329 93% 2 0% 0 0% 28 6% recA+Bl 0% 0 0% 100%
2013 32 0% 1454 92% 23 1% 0 0% 168 7%  recA+Bl 0% 0 0% 100%
LESS THAN 20 LENGTHS
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Table3.8.12.Red drum lengths sampled from the commercial fishery in Virginia and the percent of total
harvest that a gear contributed to the overall annual commercial landings for all states Virginia and north.
Areas shaded in gray are where less than 20 lengths were acquired in a year. Percent adequate column
represents the percent of landings that had adequate sampling based on a minimum of 20 lengths by gear

and year.
Seines Gillnets Rod-n-Reel Pound Trawl Other
Year #meas % Harv #meas %Harv #meas %Harv #meas % Harv #meas % Harv #meas % Harv % Adequate
1989 0 27% 31 35% recA+Bl 10% 13 22% 0 7% 0 0% 45%
1990 0 0% 0 0% recA+Bl1 13% 0 46% 0 37% 0 4% 13%
1991 197 27% 412 33% recA+Bl 0% 58 37% 0 3% 0 0% 97%
1992 5 7% 18 32% recA+Bl 4% 3 33% 0 24% 0 0% 4%
1993 5 22% 13 43% recA+B1 1% 9 30% 0 3% 0 0% 1%
1994 49 1% 1 1% recA+B1l 0% 5 45% 0 53% 0 0% 1%
1995 23 20% 0 15% rec A+B1 1% 0 45% 0 18% 0 0% 21%
1996 1 2% 1 27% rec A+B1 2% 5 48% 0 14% 0 8% 2%
1997 5% 3 14% rec A+B1l 9% 1 71% 0 0% 0 2% 9%
1998 5 26% 11 27% rec A+Bl 1% 36 38% 0 0% 4 7% 40%
1999 16 16% 11 35% recA+Bl 8% 58 31% 0 10% 0 1% 38%
2000 19 9% 19 41% recA+B1 2% 35 40% 0 9% 0 0% 41%
2001 2 8% 0 25% rec A+B1 9% 27 53% 0 5% 0 0% 62%
2002 27 10% 8 35% recA+Bl 6% 59 42% 0 3% 4 4% 58%
2003 4% 2 22% rec A+B1 2% 23 16% 0 56% 1 0% 18%
2004 1 36% 0 30% rec A+B1 10% 5 19% 0 3% 0 1% 10%
2005 1 3% 26 45% rec A+B1 5% 8 17% 0 1% 0 29% " 50%
2006 15 4% 12 15% rec A+B1 2% 4 8% 0 1% 0 69% 2%
2007 27 7% 7 22% rec A+B1 3% 57 16% 0 3% 0 49% 26%
2008 25 24% 13 27% rec A+Bl 3% 15 11% 0 33% 0 2% 39%
2009 35 15% 53 49% rec A+B1 12% 33 14% 0 3% 1 7% 90%
2010 12 10% 4 44% rec A+B1 15% 9 28% 0 0% 6 2% 15%
2011 2 0% 4 95% rec A+B1 2% 1 2% 0 0% 0 0% 2%
2012 g 1% 37 19% recA+B1 2% 13 5% 0 72% 7 1% 21%
2013 18 13% 68 45% rec A+B1 9% 97 20% 0 1% 37 12% 86%
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Table 3.8.13 Length frequencies for commercial red drum landings for the northern region (North Carolina and North) during 1989 to 2013.
Beach Seines

Length 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013  Total
6 - - - - - - - - - - - - - - - - - - - - - - - - - -

8 - - - - - - - - - - - - - - - - - - - - - - - - - -

9 - - - - - - - - 2 - - S - oo 2
10 - - - 1 - - - - 7 - - S oo 8
11 47 - - - - - - - - - S .o oo 47
12 - 16 8 - - - - - 2 2 - - - 0 - - - - ..o 29
13 31 213 51 - - - - - 4 - - S - o - - - - - 299
14 360 1,571 119 - 8 3 - - 4 - - - - - 0o 9 - 0 - o - - - 2,075
15 251 2,53 102 - - - - - 2 - - S ... 0 - o - - - 2,891
16 219 1,52 42 6 - 15 - 8 9 2 - - - e 0 - 0o 1 - 0 - 0 - 1,825
17 188 1,096 212 90 5 - 13 - 13 34 - - - 2 4 7 129 2 1 - 1 0 0 4 169
18 157 425 508 54 8 18 56 39 107 472 - 103 47 26 31 23 64 9 16 4 - 8 3 6 4 2263
19 47 245 280 16 105 12 58 32 120 598 - 52 20 31 26 16 39 - 17 4 - 4 5 3 43 1,772
20 47 33 59 14 105 24 73 24 114 435 - 03 25 18 18 9 24 18 19 6 - 4 3 1 20 1,19%
21 - 16 59 12 148 35 144 87 39 18 - - 3 19 20 2 34 27 24 8 - 7 2 0 12 917
2 31 - 25 30 158 44 177 103 7 90 62 258 51 17 28 16 40 18 34 20 - 13 5 1 24 1251
23 63 - - 37 252 44 256 229 4 69 124 618 8 15 31 11 35 126 42 31 3 25 9 1 8 2120
24 31 49 - 39 245 53 236 205 11 12 207 979 8 21 29 25 56 54 32 28 3 24 8 2 8 2441
25 - 65 25 37 178 50 129 103 46 9 166 773 8 14 17 9 43 45 19 21 21 18 5 2 - 1,877
26 - 49 - 23 138 41 81 8 59 7 124 515 41 10 11 9 21 27 12 10 18 10 3 1 4 1,300
27 - - - 14 43 38 10 32 33 2 21 155 27 3 - 2 7 9 6 3 24 3 1 1 - 432
28 78 33 25 1 13 6 8 - 7 - - - 2 1 2 - 1 - 1 2 3 1 1 1 - 185
29 16 49 - 2 10 6 5 - - - 21 - 1 - 1 - 1 - o 1 3 o0 - 0 - 116
30 - 16 - 4 - 3 - - - - - - - o - - - 9 0o 0 3 0 - - - 36
31 16 - - 6 - - 3 - 2 - - - - o - - - - 0o - - - - - - 27
32 16 - - 0 - - 5 - - - - - - - 0o - - o o0 - - 31
33 - - 8 1 3 3 - - - - - S - - oo 15
34 - - - 2 - - - - - - S .- .o ¢ J 5
35 - - - - 3 - - - - - S - - oo 3
36 - - - - - - - - - - S - oo -

37 - 33 - 2 3 - - - 2 - - S .o oo 40
38 - - - - 303 - - - 2 - S .o oo 7
39 31 49 - 2 5 3 - - - - - S - - oo 91
40+ 208 425 25 13 25 15 - - - - - T 802
Total 1,928 8442 1,550 416 1,534 414 1,254 947 596 1,919 725 3,554 505 177 216 129 378 360 225 141 79 118 44 19 125 25798
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Table 3.8.13 (cont.). Length frequencies for commercial red drum landings for the northern region (North Carolina and North) during 1989 to

Atlantic Red Drum

2013.
Gill Nets

Length 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
6 - - - - - - - - - - - - - - - - - - - - - - - - - -

7 - - - - - - - - - - - - - - - - - - - - - - - - - -

8 - - - - - - - - - - - - - - - - - - - - - - - - - -

9 - - 20 - - - - - - - - - - - - 0 - - - - - - 1 5 - 27
10 - - 102 19 - - - 1 1 - - - - 4 - 0 - - - - - - 1 5 - 132
11 79 - 529 - - - - 2 1 - - - - 15 - 0 - 11 - - - - 1 - - 638
12 236 - 1,010 - - - - 3 2 104 - - - 23 - 0 - 21 - - - - 3 - 63 1,465
13 788 947 2,729 37 - - - 3 64 10 194 - - 8 - 0 - 21 - 70 - - 7 - - 4,879
14 16,762 8,837 5,301 93 136 287 14 7 37 50 119 10 - 4 - 0 38 - - 120 126 43 6 - - 31,990
15 12,906 13,781 3,345 93 - 0 14 10 7 100 9 31 - 4 15 0 - - - 189 - 43 6 - 63 30,616
16 10,387 8,206 1,043 547 - 1,437 7 10 70 120 26 21 5 4 15 38 101 28 38 396 81 43 12 5 63 22,701
17 6,610 5,786 4,428 7,487 136 0 270 11 163 1,020 1,417 672 5 231 434 303 1,101 493 621 387 667 639 165 277 1,826 35,149
18 7,554 1,999 8,024 4,343 2,238 1,724 1,840 12 1,404 15,695 7,224 5,067 2,944 2,494 2,670 1,061 5,366 3,002 3,968 1,379 4,544 3,015 1,355 4,456 15,104 108,483
19 - 842 5,212 1,413 2,801 1,149 1,941 7 1,617 23,946 7,088 4,054 1,240 3,105 1,571 833 3,128 3,010 3,869 1,466 4,480 1,651 2,074 2,380 16,046 94,920
20 944 - 865 1,118 2,733 2,299 1,827 339 1,620 18,411 8,637 2,109 1,627 1,790 1,481 342 1,998 2,481 4,513 1,881 4,064 1,392 1,234 548 13,735 77,988
21 - - 1,082 922 3,703 2,586 4,224 2,971 567 8,469 10,239 2,492 2,169 2,047 1,706 156 2,728 2,985 5,429 2,622 4,103 2,643 1,186 356 12,314 77,697
22 - - 649 1,179 3,994 2,299 4,687 3,958 40 4,312 16,686 4,136 2,789 1,972 2,627 383 3,151 4,053 7,769 6,620 6,033 5,375 2,311 489 11,950 97,461
23 944 - - 1,572 6,396 1,724 8,233 6,590 41 3,571 15,415 7,610 5,191 1,618 3,033 1,057 2,690 5,455 9,504 10,142 8,496 9,575 3,934 978 12,303 126,071
24 944 210 - 1,278 5,926 2,300 7,690 5,282 140 657 10,402 10,299 4,890 2,117 2,731 1,130 3,842 5,008 7,277 8,846 5,940 8,324 3,173 2,095 7,466 107,967
25 - 210 - 983 4,665 1,725 3,660 13 661 522 4,113 6,814 4,890 1,373 1,586 1,693 2,728 3,492 4,172 6,581 3,661 6,850 1,857 1,468 3,767 67,485
26 - - - 884 3,567 2,587 2,169 7 811 418 2,317 4,601 2,105 854 995 1,578 1,076 1,884 2,590 3,059 1,676 3,301 1,031 889 376 38,776
27 - - - 688 990 2,874 114 4 468 104 380 1,696 1,477 183 - 715 384 1,072 1,174 853 877 921 453 534 250 16,209
28 - - - - 68 576 228 5 97 - 18 610 155 15 172 301 38 248 227 377 145 141 194 400 125 4,142
29 - 210 - 135 68 1 114 4 3 - - 93 91 4 - 113 38 85 38 - 42 184 1 44 - 1,270
30 - 105 - - - 2 - 8 6 - 9 124 9 12 - - - 28 - 40 - - - - - 342
31 - - - - - 2 - 9 38 - 101 62 14 8 - - - - - - - - - - - 233
32 - - - - - 0 - 3 3 - - 10 18 8 - - - - - - - - - - - 42
33 - - 216 - 68 0 - 4 3 - - 21 18 8 - 0 - - - - - - 1 5 - 344
34 - - - - - - - 1 1 - - - - 8 - - - - - - - - - - - 9
35 - - - - - - - 1 1 - - 21 5 - - - - - - - - - - - - 27
36 - - - - - - - 1 1 10 - - - - - - - - - - 42 - - - - 53
37 - - - - - - - 0 0 - - - - 4 - - - - - - - - - - - 5
38 - - - - - - - 1 1 - 18 - - 4 - - - - - - - - - - - 24
39 - 105 - - 68 0 - 1 1 - - - - 4 - - - - - - - - - - - 179
40+ 944 631 - 393 20 288 - 10 8 10 26 - 9 42 - 1 - - 7 - - - 9 20 - 2,419
Total 59,098 41,871 34,556 23,183 37,574 23,860 37,031 19,277 7,875 77,531 84,437 50,551 29,650 17,962 19,037 9,705 28,406 33,377 51,196 45,025 44,976 44,141 19,017 14,954 95,452 949,742
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Table 3.8.13 (cont.). Length frequencies for commercial red drum landings for the northern region (North Carolina and North) during 1989 to

2013.
Haul Seine
length 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
6 - - - - - - - - - - - - - - - - - - - - - - - -
7 - - - - 71 - - - - - - - - - - - - - - - - - - 71
8 - - 34 - - - - - - - - - - - - - - - - - - - - 34
9 - - 68 - - - - - 7 - - - - - 0 - - - - - - - - 76
10 - - 68 18 - - - - 2 - - - - 8 0 - - - - - - - - 117
11 330 - 748 - - - - - - - - - - 16 0 - 3 - - - - - - 1,098
12 166 32 1,570 - - - - - 8 - - - - - 0 - 6 - - - - - - 1,783
13 607 64 1,095 9 - - - - 15 10 5 - - - 1 - 6 - 79 - - - - 1,891
14 1,061 128 1,524 2 71 - 18 - 17 49 13 2 - - 0 - - - 105 - - - - 3,012
15 731 353 1,136 2 - - 18 1 10 98 4 7 - - 2 0 - - - 79 - - - - 2,462
16 41 9% 612 13 - - 9 1 32 155 12 4 1 - 2 1 2 - - 1 - - - - 986
17 138 64 206 45 - 1 145 1 47 460 20 22 1 - 7 10 8 3 7 27 65 12 2 1 16 1,309
18 9% 64 447 45 - - 18 1 364 4456 75 104 10 6 33 38 29 31 107 161 175 42 20 17 126 6,463
19 192 9% 227 2 10 - 364 0O 407 4,151 53 99 4 27 28 27 14 29 199 30 193 16 31 12 246 6,480
20 9% 64 48 36 82 - 1,092 33 3% 2662 47 49 5 131 23 14 9 18 121 58 18 13 18 2 355 5545
21 - 32 48 36 306 228 1,728 326 136 926 69 20 7 8 26 10 12 68 8 7 198 22 17 0O 350 4,742
2 192 - 21 217 316 531 1,919 423 25 411 125 57 10 6 40 19 14 79 57 44 8 55 35 1 257 4,942
23 289 - - 190 153 532 1,473 651 18 58 136 18 18 26 58 28 13 126 92 28 62 72 61 1 164 4,265
24 - - - 163 582 68 1,327 619 42 67 113 49 20 40 42 30 20 18 43 25 90 66 52 3 109 4,205
25 - 32 21 95 204 382 646 1 158 - 43 66 20 51 21 35 16 15 36 19 45 63 33 2 49 2,052
26 - 64 - 14 20 306 91 - 201 - 14 51 13 14 12 30 8 18 36 35 50 34 18 1 16 1,046
27 - - - - 92 76 91 - 112 - 7 29 7 - 15 3 21 28 56 24 23 7 1 - 592
28 481 32 21 - 214 1 - - 24 - 9 7 0 6 4 6 0 21 - 28 - 5 4 1 - 865
29 9% - - 2 214 1 - - - 1 2 5 - 1 3 0 - - 1 - 4 - - - 351
30 - - - 54 - 3 - 1 - 4 9 3 6 - - - - 0o - - - - 82
31 9% - - 81 - 3 - 1 10 - 5 13 4 6 - - - - - 17 - - - 235
32 9% - - 108 - 0 - - 1 - - 2 6 - - - - - - - 1 - - 215
33 - - 7 14 - - - - 1 - - 4 6 8 - - - - - - - - - 40
34 - - - 27 - - - - - - - - - - - - - - - - - - - 27
35 - - - - - - - - - - - 4 1 - - - - - - - - - - 6
36 - - - - - - - - - 10 - - - - - - - - - - - - - 10
37 - 32 - 14 - - - - 7 - - - - - - - - - - - - - - 53
38 - - - - 71 7% - - - - 8 - - - - - - - - - - - - 156
39 192 - - 27 71 7% - - - - - - - - - - - - - - - - - 367
40+ 1,154 353 55 95 653 304 - 1 3 10 12 - 3 - 1 - - 7 - - 0o 2 - 2,652
Total 6,056 1,509 7,956 1,38 3,134 3,205 8938 2,063 2,057 13,522 775 618 145 440 300 269 147 460 817 784 1,190 429 298 43 1,689 58,231
SEDAR 44 SAR Section | 79



Data Workshop Report Atlantic Red Drum

Table 3.8.13 (cont.). Length frequencies for commercial red drum landings for the northern region (North Carolina and North) during 1989 to
2013.

Trawl
length 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total

6 - - - - - - - - - - - - - - - - - - - - - - - - - -

7 - - - - 2 - - - - - - - - - - - - - - - - - - - - 2
8 - 1 1 - - - - - - - - - - - - - - - - - - - - - - 1
9 - 2 3 - - - - - 0 - - - - - - 0 - - - - - - - 25 - 31
10 - 5 5 16 - - - 0 0 - - - - 0 - 0 - - - - - - - 25 - 52
11 93 28 31 - - - - 1 0 - - - - 1 - 0 - 1 - - - - - - - 155
12 37 60 72 - - - - 1 0 0o - - - 2 - 0 - 2 - - - - - - 0 172
13 147 182 175 29 - - - 1 0 0 3 - - 1 - 0 - 2 - 37 - - - - - 573
14 774 918 353 71 6 2 16 4 0 1 8 2 - 0o - 0 0 0o - 50 0 0 - - - 2,203
15 568 1,383 288 71 - 10 16 5 0 2 2 7 - 0 38 0 - - - 37 - 0 - - 0 2,437
16 402 817 126 50 - 21 8 5 1 2 7 5 1 0 38 0 1 0 0 0 1 0 - 26 0 1,518
17 346 570 430 119 4 20 50 6 1 2 10 5 1 1 38 1 2 1 2 38 4 0 - 51 1 1,693
18 281 220 1,012 76 61 23 21 7 6 6 38 21 3 5 - 3 4 11 12 138 6 1 - 745 11 2,681
19 84 126 556 47 77 9 5 4 7 7 25 13 1 4 - 2 1 1 14 50 5 0 - 589 17 1,632
20 84 17 118 45 77 18 6 5 6 5 21 16 1 5 38 1 0 2 10 25 2 0 - 77 17 597
21 - 8 118 42 109 26 12 6 2 2 31 29 2 4 76 1 0 4 16 13 5 0 - 0 16 526
22 56 - 50 35 118 33 22 13 0 2 59 33 3 2 153 1 1 4 17 13 12 1 - 1 18 648
23 112 - - 42 183 43 37 27 0 1 65 45 5 2 382 2 1 6 18 13 15 0 - 1 10 1,018
24 56 25 - 45 188 119 68 44 1 1 55 46 7 3 153 2 1 4 22 25 10 0 - 28 4 915
25 - 33 50 42 137 97 18 47 3 0 21 31 6 4 38 3 1 2 15 63 7 1 - 2 4 630
26 - 25 - 26 102 90 6 37 3 0 6 29 5 1 - 2 0 2 4 63 2 0 - 1 1 415
27 - - - 16 34 38 1 29 2 0 4 15 2 1 - 1 0 3 1 75 3 1 - 1 0 230
28 140 17 50 1 9 44 1 3 0 - 5 9 0 1 38 0 0 2 0 25 1 0 - 1 0 349
29 28 25 - 31 7 34 0 2 0 - 0 3 3 0o - 0 0 0 0 0 0 0 - 0o - 137
30 - 8 - 5 - 82 - 4 0 - 2 10 2 1 - - - 0 0 0 0 0 - - - 116
31 28 - - 7 - 79 0 5 0 - 3 15 2 1 - - - - 0 - 0 - - - - 143
32 28 1 1 1 - 10 0 2 0 - - 3 3 1 - - - - 0o - - 0 - - - 60
33 - - 17 1 2 12 - 2 0 - - 5 3 1 - 0 - - - - - - - 25 - 69
34 - - - 2 - - - 0 0 - - - - 1 - - - - - - 0 - - - - 4
35 - - - - 2 - - 1 0 - - 5 1 - - - - - - - - - - - -

36 - - - - - - - 0 0 0o - - - - - - - - - - 0 - - - - 1
37 - 17 - 2 A - 0 0 - - - - 0o - - - - - - - - - - - 22
38 - - - - 2 2 - 1 0 0 5 - - 0o - - - - - - - - - - - 10
39 56 25 - 2 4 12 - 0 0 - - - - 0o - - - - - - - - - - - 101
40+ 534 218 51 15 20 31 - 5 0 0 7 - 2 3 - 0 0 - 1 - - - - 102 - 993
Total 3,857 4,731 3,506 853 1,144 855 288 271 34 31 378 347 53 45 994 20 12 48 133 665 72 6 = 1,700 99 20,140
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Table 3.8.13 (cont.). Length frequencies for commercial red drum landings for the northern region (North Carolina and North) during 1989 to

2013.
PoundNet
Length 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total
6 - - - - - - - - - - - - - - - - - - - - - - - - - -
7 - - - - 3 - - - - - - - - - - - - - - - - - - - - 3
8 - 1 - - - - - - - - - - - - - - - - - - - - - - - 1
9 - 3 107 - - - - - 1 - - - - - - 0 - - - - - - - 2 - 150
10 - 6 107 44 - - - 2 7 - - - - - - 0 - - - - - - - 2 - 202
11 165 35 - - - - - 3 7 - - - - 15 - 0 - 6 - - - - - - - 224
12 130 65 107 - - - - 5 11 1 - - - 75 - 0 - 12 - - - - - - - 434
13 413 187 427 38 - - - 5 12 28 - - - 15 - 0 - 12 - 13 - - - - - 1,272
14 1,467 525 854 96 8 7 41 13 31 111 - - - 7 - 0 - - - 17 - - - - - 3,386
15 1,127 729 1,541 96 - 8 41 17 40 195 - - - 7 12 0 - - - 13 - - - - - 4,253
16 648 622 1,922 94 - 45 20 27 45 196 - - 10 7 12 2 10 - - - - - - 48 - 4,278
17 560 489 924 128 5 17 213 19 49 65 42 36 10 7 24 15 23 6 9 13 - 22 - 96 20 3,035
18 440 242 492 19 89 52 315 64 103 219 87 145 33 240 77 54 63 58 73 62 - 100 - 608 671 4,327
19 132 192 116 38 124 29 91 46 87 228 56 80 33 241 64 39 24 - 97 17 9 23 - 458 421 2,612
20 132 - 46 38 124 58 46 44 98 181 11 65 - 45 46 18 - 6 94 50 - 7 - 6 729 1,748
21 - - 23 38 184 87 46 114 67 81 96 114 33 22 74 9 22 18 270 18 18 7 - - 905 2,140
22 88 - - - 209 109 386 131 49 110 236 199 165 38 107 24 87 65 347 74 144 45 - - 1,622 4,098
23 176 - - 145 280 118 635 269 53 48 506 272 132 15 188 41 87 124 438 129 490 95 - - 1,385 5,480
24 88 48 - 397 370 198 671 257 87 59 693 315 275 188 122 49 392 237 437 189 289 253 - 2 908 6,428
25 - 48 70 578 272 174 569 134 76 3 364 172 175 143 54 59 416 302 314 216 335 291 - 139 716 5,721
26 - 48 - 397 173 152 549 106 58 2 93 196 196 211 27 54 348 290 126 147 117 283 - - 270 3,816
27 - - - 217 74 103 91 41 33 31 127 109 98 - 26 131 47 59 165 63 180 - - 70 1,637
28 220 48 70 36 13 48 46 10 25 - 53 82 - 90 17 11 22 65 15 92 - 71 - 46 70 1,153
29 44 48 - 38 11 40 46 8 17 - - 4 31 7 1 5 22 - 15 111 55 23 - - - 505
30 - - - - - 75 - 14 31 - 11 1 20 15 - - - - 29 - - 16 - - - 204
31 44 - - - - 67 46 16 37 - - 23 31 15 - - - - 15 - - - - - - 280
32 44 1 107 36 - 8 46 6 14 - - 1 41 7 - - - - 15 - - - - - - 402
33 - - - - 3 16 - 7 15 - - 23 41 7 - 0 - - - - - - - 2 - 107
34 - - - - - - - 2 3 - - - - 7 - - - - - - - - - - - 12
35 - - - - 3 - - 2 5 - - - 10 - - - - - - - - - - - - 19
36 - - - - - - - 2 3 28 - - - - - - - - - - - - - - - 26
37 - 48 - - 3 - - 1 3 - - - - - - - - - - - - - - - - 52
38 - - - - 3 7 - 2 5 1 11 - - 7 - - - - - - - - - - - 35
39 88 96 - - 5 16 - 2 3 - - - - - - - - - - - - - - - - 203
40+ 836 336 70 36 41 53 - 18 41 - 33 - 20 52 - 0 3 - - - - - - 7 - 1,527
Total 6843 3816 6982 2510 1995 1480 3898 1384 1,022 1555 2323 1856 1365 1583 826 404 1648 1246 2352 1327 1519 1416 1,05 1416 7788 59,769
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Table 3.8.13 (cont.). Length frequencies for commercial red drum landings for the northern region (North Carolina and North) during
1989 to 2013.

Lines (hook and line)

Length 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 Total

6 - - 0 - - - - - ..o oo oo - 0
8 - - - 8 - 29 1 - - - oo - 39
9 . J 2 - 29 1 - - - oo - 35
10 7 - 5 - 2 - - - 5 2 - - - ..o 2 - - - 1 - 32
11 o 9 1 - - 7 2 - 0 - 2 - 27
12 % - 4 0 - 4 - ..o 12 - - 2 - 37
13 %5 16 6 1 2 2 - 7 - - - - 2 - - - - 2 - - - 2 - 64
14 97 42 5 - 200 2 11 20 15 0 10 - - 2 - 1 - 2 - - - 0 - 2 - 230
15 185 63 16 1 2 - 0 24 29 0 5 - - 4 - - 6 0 - - - - 1 10 348
16 112 49 26 2 27 71 5 6 - - 0 4 5 4 - 1 - 5 - 1 8 0 - 0 5 276
17 113 55 19 3 40 9 4 33 5 0 9 0 3 4 - - - . 1 2 - 1n - 0 28 39
18 18 31 95 5 6 9 38 47 29 15 38 12 23 74 4 7 2 4 7 7 19 26 4 20 8 846
19 61 18 24 2 4 14 31 39 4 40 51 29 3 70 9 & 5 7 8 7 19 31 5 22 12 674
20 43 - 6 5 24 16 25 16 - 36 48 17 2 31 8 7 8 15 17 10 63 23 8 17 232 686
21 2 1 5 3 20 27 6 12 29 10 6 32 7 3 6 5 5 7 12 9 5 18 6 5 150 676
2 2 - 2 6 74 15 54 - 29 148 42 36 14 10 12 5 8 10 21 6 67 14 8 6 145 756
23 26 1 4 12 155 16 107 26 - 148 79 32 2 13 8 1 5 15 21 14 32 19 11 6 117 892
24 84 - 4 5 81 28 142 38 15 158 8 & 32 18 4 7 25 12 20 15 29 23 4 7 102 1016
25 16 2 - 13 31 48 75 26 29 8 53 91 33 6 8 7 7 6 17 11 23 21 5 3 31 741
26 57 - 2 6 23 25 10 52 - 35 87 120 25 8 12 4 3 10 14 6 17 7 5 10 17 55
27 3 1 5 1 39 21 7 24 - 9 3 52 18 0 2 3 3 5 7 5 12 2 1 10 4 308
28 2 8 2 2 18 19 4 17 4 2 34 20 27 3 2 1 - 2 2 1 3 0 1 5 3 248
29 m - - - - 5 1 12 15 - 35 5 - 1 - - 3 - - 1 - 0 - 1 62
30 4 7 - - - 7 02 - - - 4 0 - 0o - - - - - 1 - 0 - - 25
31 - 0o - - 7 - - 2 - - 3 - - 1 - - - - - - 2
2 - 4 - - n 2 12 - - - 2 1 - - - 1 - - - - 2
33 - 1 - - - 4 0 - 5 1 - 0 - 0 - - - - - 2
34 - - - 9 6 15 4 - - - - - - o - - - - - 33
35 e 1 - - . - 4
36 - - o 1 4 - - 15 - - - - - - 19
37 e 2 - - - - 0o - - - 2
38 2 - - - 2 4 - - 1 - - - oL - 9
39 6 2 - - - 7 - - - 2 - - o oo - 28
40+ 3 011 2 0 7 25 1 5 15 5 10 2 6 - - - - . . 15 - 2 - 108

Total 1287 317 246 67 638 335 619 419 470 803 661 535 230 253 76 59 70 109 150 101 353 212 60 123 1,052 9248
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Table 3.8.14. Estimated age frequencies of red drum harvested from all major commercial gear
categories for the northern region combined (North Carolina and north) for the period of 1989 to 2013.

Gear YEAR agel age2 age3 aged ageS age6 age7 age8 age9 agel0+ Total
Beach Seine 1989 733 728 118 18 2 3 2 4 9 311 1,928
1990 5,012 2,754 166 4 6 6 6 19 11 459 8,442
1991 910 575 32 8 0 0 0 1 0 25 1,551
1992 7 348 30 12 2 1 1 1 1 14 416
1993 21 1,061 413 3 2 2 2 2 1 29 1,534
1994 18 226 140 10 1 1 1 1 1 16 414
1995 25 1,039 182 7 0 0 - - - 1,254
1996 49 746 150 2 - - - 947
1997 154 344 92 4 1 0 1 0 0 0 596
1998 161 1,749 8 0 0 0 0 0 0 1 1,920
1999 3 508 207 6 - - - 725
2000 23 1,837 1,661 33 - - - 3,554
2001 13 195 295 2 - - - 505
2002 19 144 14 1 - - - 178
2003 4 182 30 0 - - - 216
2004 31 51 47 0 - - - 129
2005 22 343 13 1 - - - 378
2006 14 233 111 2 - - - 360
2007 5 175 44 1 - - - 225
2008 3 75 62 1 - - - 141
2009 - 27 47 4 1 0 0 - - 79
2010 5 61 51 1 - - - 118
2011 2 33 10 0 - - - 44
2012 9 7 3 0 - - - 19
2013 1 121 3 0 - - - 125
Gill Net 1989 31,436 26,462 256 - - - 944 59,098
1990 26,921 13,753 440 20 27 5 704 41,870
1991 23,886 10,269 239 149 9 5 - - - 34,556
1992 723 21,156 853 58 1 1 392 23,183
1993 436 27,086 9,913 47 5 7 4 9 9 58 37,574
1994 1,774 14,073 7,283 442 0 5 3 16 5 259 23,860
1995 754 31,149 5,050 78 - - - 37,031
1996 305 17417 1,528 12 2 1 1 1 0 11 19,277
1997 1,803 4,703 1,295 62 2 1 1 0 0 9 7875
1998 6,269 70,765 470 8 5 2 2 0 - 10 77,531
1999 7,005 64,463 12,832 93 4 3 4 2 1 33 84,437
2000 1,382 30,774 17,926 452 12 3 1 1 1 - 50,551
2001 844 11,721 16,938 132 4 1 0 0 0 9 29,650
2002 1914 14,768 1,180 41 5 3 2 2 1 45 17,962
2003 321 15,847 2,843 27 - - - 19,037
2004 1,536 3,000 5,089 79 - - 1 9,705
2005 1,903 25,775 699 29 - - - 28,406
2006 857 24,217 8211 93 - - - 33,377
2007 1,269 40,111 9,727 32 0 0 0 7 51,196
2008 1,127 24,509 19,270 119 - - - 45,025
2009 1,278 35,585 7,988 91 21 6 6 - - 1 44976
2010 2,104 23,363 18,540 133 - - - 44,141
2011 1,016 14,118 3818 56 0 0 - 9 19,017
2012 6,662 5,461 2,728 84 0 0 0 0 0 19 14,954
2013 1,204 91,306 2,908 35 - - - 95452
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Table 3.8.14 (cont.). Estimated age frequencies of red drum harvested from all major commercial gear
categories for the northern region combined (North Carolina and north) for the period of 1989 to 2013.

Gear YEAR agel age2 age3 aged ageS age6 age7 age8 age9 agel(O+ Total

Haul Seine 1989 2,305 1,614 672 111 13 16 12 25 39 1,250 6,056
1990 604 433 87 1 6 6 6 11 9 348 1,509
1991 7316 553 26 6 0 0 0 1 0 54 7957
1992 70 870 157 132 21 9 7 6 6 109 1,386
1993 131 1,297 910 - 10 20 21 28 19 698 3,134
1994 7 1,727 994 21 11 20 23 27 20 356 3,205
1995 211 7,904 817 6 - - - - - - 8,938
1996 29 1,871 160 1 0 0 - - - 1 2,062
1997 533 1,178 319 16 2 2 2 1 1 3 2,057
1998 1411 12,091 - 2 5 2 2 0 - 10 13,522
1999 72 556 123 4 1 1 2 1 1 15 775
2000 38 387 172 17 3 1 0 0 0 - 618
2001 4 44 82 11 1 0 0 0 - 3 145
2002 42 356 32 10 0 0 - - - - 440
2003 6 251 42 1 - - - - - - 300
2004 55 98 114 2 - - - - - 1 269
2005 11 130 5 0 - - - - - 0 147
2006 25 338 95 3 - - - - - - 461
2007 29 678 102 1 - - 0 0 0 7 817
2008 287 345 147 6 - - - - - - 784
2009 52 984 146 9 0 - - - - - 1,190
2010 30 219 177 3 - - - - - - 429
2011 15 218 64 2 - - - - - - 298
2012 29 10 4 0 - - - - - 2 43
2013 16 1,628 45 0 - - - - - - 1,689

Trawl 1989 1,615 1415 209 32 4 5 4 7 15 552 3,857
1990 2,887 1,497 85 2 3 3 3 10 6 236 4,731
1991 2,288 1,093 61 15 1 0 0 1 0 47 3,506
1992 187 567 58 19 2 1 1 1 1 16 853
1993 15 787 311 2 2 1 1 1 1 22 1,144
1994 36 305 386 79 3 2 2 2 2 37 855
1995 79 181 27 1 - - - - - - 288
1996 28 152 74 8 1 0 0 0 0 6 271
1997 9 19 5 0 - - - - - 0 34
1998 4 27 0 - 0 - - - - 0 31
1999 37 267 59 2 1 1 1 1 0 10 378
2000 13 186 129 16 3 1 0 0 0 - 347
2001 1 13 29 6 1 0 - - - 2 53
2002 7 26 5 2 0 0 0 0 0 4 45
2003 22 823 145 3 - - - - - - 994
2004 4 7 8 0 - - - - - 0 20
2005 2 10 0 - - - - - - 0 12
2006 7 31 10 0 - - - - - - 48
2007 4 104 24 0 - - - - - 1 133
2008 159 310 189 6 - - - - - - 665
2009 2 55 15 0 - - - - - - 72
2010 1 3 2 0 - - - - - - 6
2011 - - - - - - - - - - -
2012 1,357 205 17 18 1 1 1 1 1 100 1,700
2013 1 95 3 - - - - - - - 99
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Table 3.8.14 (cont.). Estimated age frequencies of red drum harvested from all major commercial gear
categories for the northern region combined (North Carolina and north) for the period of 1989 to 2013.

Gear YEAR agel age2 age3 aged ageS age6 age7 age8 age9 agel(+ Total

Pound Net 1989 3,051 2,457 338 52 6 8 6 12 24 891 6,343
1990 1916 1,263 157 1 9 9 9 24 18 411 3,816
1991 5,569 1,121 121 66 5 2 0 2 1 95 6,982
1992 287 1,801 346 38 2 1 - - - 36 2,510
1993 23 1,346 571 3 2 2 2 1 44 1,995
1994 65 676 585 85 4 3 3 4 3 62 1,489
1995 305 2,636 884 69 3 1 - - - - 3,898
1996 145 962 227 23 4 2 1 1 1 20 1,384
1997 300 501 208 51 9 4 3 2 1 45 1,122
1998 408 1,114 2 5 16 5 5 - - 1 1,555
1999 70 1,702 501 9 1 2 2 1 1 34 2,323
2000 43 1,010 748 53 2 1 - - - - 1,856
2001 15 338 892 79 9 3 1 1 0 20 1,356
2002 236 917 336 36 4 2 2 1 1 50 1,583
2003 17 687 120 2 - - - - - - 826
2004 76 136 189 3 - - - - - 0 404
2005 37 1,405 191 12 - - - - - 3 1,648
2006 42 552 644 8 - - - - - - 1,246
2007 38 1,670 616 27 1 0 - - - - 2,352
2008 59 509 722 37 - - - - - - 1,327
2009 3 988 513 15 - - - - - - 1,519
2010 61 501 829 25 - - - - - - 1416
2011 35 654 378 35 3 1 - - - 0 1,105
2012 1,128 177 99 5 0 - - 0 - 7 1416
2013 69 7,052 653 14 - - - - - - 7,788

Hook & Line 1989 416 669 178 3 1 2 2 2 2 13 1,287
1990 168 117 16 2 - - - 0 0 14 317
1991 158 74 9 3 0 0 - - - 2 246
1992 4 59 4 0 0 - - - - 0 67
1993 42 428 158 0 1 0 1 0 0 8 638
1994 22 142 112 19 3 2 2 2 2 29 335
1995 46 472 85 10 3 1 0 0 - 1 619
1996 121 188 87 15 3 1 0 0 - 5 419
1997 199 139 71 26 13 3 2 1 - 15 470
1998 16 705 66 5 2 1 1 1 0 6 803
1999 52 421 172 7 - 0 - 0 0 10 661
2000 6 243 273 11 - - - - - 2 536
2001 9 66 141 6 1 0 0 0 - 6 230
2002 51 188 11 2 0 0 1 0 0 0 253
2003 1 56 19 1 - - - - - - 77
2004 12 25 22 1 - - - - - - 59
2005 0 66 3 0 - - - - - - 69
2006 8 72 28 1 - - - - - - 109
2007 4 107 39 0 - - - - - - 150
2008 9 57 35 1 - - - - - - 101
2009 7 281 63 2 - - - - - - 353
2010 25 124 48 0 - - 0 0 0 14 212
2011 3 45 12 0 - - - - - - 60
2012 50 48 23 1 - - - - - 2 124
2013 18 994 40 1 - - - - - - 1,052
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Table 3.8.14 (cont.). Estimated age frequencies of red drum harvested from all major commercial
gear categories for the northern region combined (North Carolina and north) for the period of 1989

to 2013.

Gear YEAR agel age2 age3 aged ageS age6 age7 age8 age9 agel0+ Total

Recreational 1989 1,931 1,685 17 - - - - - - 62 3,694

Gill Nets 1990 1,755 897 29 1 - - - 2 0 46 2,730
1991 1,021 661 16 10 1 0 - - - - 1,709
1992 32 1,366 54 3 - - - - - 26 1,480
1993 28 1,745 634 3 0 0 0 1 1 3 2,415
1994 116 917 474 29 - 0 0 1 0 17 1,555
1995 45 2,024 328 5 - - - - - - 2,403
1996 17 1,129 97 - - - - - - - 1,242
1997 115 303 83 4 - - - - - - 504
1998 397 4,597 31 0 - - - - - - 5,025
1999 452 4,175 830 6 0 - - - - - 5,462
2000 88 1,984 1,151 25 - - - - - - 3,247
2001 55 763 1,100 6 - - - - - - 1,924
2002 320 2,527 197 3 - - - - - - 3,047
2003 20 972 174 2 - - - - - - 1,167
2004 214 418 714 11 - - - - - - 1,357
2005 122 1,750 48 2 - - - - - - 1,922
2006 45 1,373 466 5 - - - - - - 1,889
2007 53 1,671 406 4 - - - - - - 2,133
2008 37 901 710 4 - - - - - - 1,653
2009 82 2,270 507 6 1 0 0 - - 0 2,868
2010 133 1,513 1,202 8 - - - - - - 2,856
2011 57 873 240 3 - - - - - - 1,174
2012 417 353 178 5 - - - - - - 953
2013 75 5,673 184 2 - - - - - - 5,934

Gill Net 1989 20,465 3,093 325 520 49 16 0 0 1 244 24,714

Discards 1990 15,124 2,286 240 384 36 12 - 1 - 181 18,264
1991 10,880 17 150 241 23 8 0 1 0 112 11,432
1992 4,533 3,921 1,229 204 5 1 - 0 0 12 9,905
1993 7,162 6,463 2,344 158 9 1 0 0 - 19 16,157
1994 5,330 3,567 1,208 280 6 1 - 0 - 12 10,404
1995 12,109 1,749 1,813 376 9 1 - 0 - 19 16,076
1996 6,143 972 991 190 5 1 - 0 - 10 8,311
1997 2,708 177 402 77 2 0 - - - 4 3,369
1998 14,672 14,114 4,010 768 19 3 - 0 - 40 33,624
1999 10,357 21,135 4,484 529 12 2 - 0 - 27 36,545
2000 6,102 11,732 3,508 358 7 1 - 0 - 16 21,724
2001 2,712 7,409 2,563 177 4 1 - 0 - 9 12,876
2002 2,653 4,040 848 111 3 0 - - - 6 7,661
2003 1,556 5,298 1,143 118 3 0 - - - 6 8,123
2004 8,402 260 522 78 3 1 - 0 - 2 9,268
2005 11,498 11,349 1,070 77 0 - - - - 3 23,997
2006 8,830 4,541 1,830 181 3 0 - - - - 15,384
2007 3,167 15,165 3,376 303 7 1 - 0 - 16 22,035
2008 12,550 7,797 5,279 383 0 0 - 0 - 10 26,019
2009 4,318 10,085 2,082 296 18 5 - - - - 16,804
2010 2,383 2,260 887 7 - - - - - - 5,536
2011 766 1,215 129 23 1 - - 0 - 2 2,136
2012 11,152 1,599 299 23 0 - - - - - 13,073
2013 10,310 18,994 883 15 0 0 - 0 - 91 30,294
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Table 3.8.14 (cont.). Estimated age frequencies of red drum harvested from all major commercial
gear categories for the northern region combined (North Carolina and north) for the period of 1989
to 2013.

Gear YEAR agel age2 age3 age4 ageS age6 age7 age8 age9 agelO+ Total

Other 1989 - - - - - - - - - - -

Commercial 1990 37 10 - - - - - - - 0 47
1991 47 17 1 0 - - - - - 1 65
1992 - - - - - - - - - - -
1993 - 3 2 - - - - - - 0 5
1994 1 11 7 1 - - - 0 - 1 20
1995 1 20 3 0 - - - - - - 25
1996 16 33 12 4 1 0 0 0 0 3 68
1997 13 25 8 1 0 0 0 - - 1 49
1998 47 91 - 0 1 0 0 - - 3 143
1999 3 20 5 0 - 0 0 - - 1 29
2000 0 6 3 0 - - - - - - 9
2001 0 2 3 - - - - - - - 4
2002 12 44 8 3 1 0 0 0 0 6 73
2003 0 17 3 - - - - - - - 21
2004 1 1 1 - - - - - - - 3
2005 41 95 0 - - - - - - 4 141
2006 315 904 252 12 - - - - - - 1,482
2007 44 1,174 262 - - 0 0 1 0 15 1,495
2008 11 23 15 0 - - - - - - 49
2009 5 121 33 1 - - - - - - 159
2010 3 9 6 0 - - - - - - 18
2011 0 1 0 - - - - - - - 1
2012 16 4 1 0 - - - - - 1 22
2013 12 1,136 37 - - - - - - - 1,185
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Table 3.8.15. Estimated age frequencies of red drum harvested for all major commercial gears
combined for the northern region (North Carolina and north) during 1989-2013.

YEAR agel age2 age3 aged age5 age6 age?7 age8 age9 agell+ Total
1989 61,950 38,122 2,114 736 74 49 25 50 91 4,267 107,476
1990 54,424 23,008 1,220 416 59 35 23 94 49 2,399 81,727
1991 52,075 14,379 655 497 39 15 1 5 2 335 68,003
1992 5,842 30,086 2,731 466 32 12 9 8 8 604 39,799
1993 7,859 40,215 15,256 215 31 33 31 43 33 881 64,596
1994 7,369 21,643 11,189 965 27 34 33 54 33 789 42,136
1995 13,575 47,175 9,190 552 16 3 0 1 - 20 70,531
1996 6,852 23,470 3,327 253 15 4 2 2 1 56 33,982
1997 5,834 7,388 2,483 241 28 10 9 4 2 76 16,076
1998 23,385 105,253 4,587 789 48 12 9 2 1 70 134,154
1999 18,050 93,246 19,212 655 19 8 9 5 3 129 131,335
2000 7,694 48,159 25,569 967 26 6 1 2 1 18 82,442
2001 3,653 20,551 22,043 419 21 6 1 1 0 49 46,743
2002 5,253 23,010 2,630 208 13 6 5 4 2 111 31,242
2003 1,945 24,132 4,520 153 3 0 - - - 6 30,759
2004 10,330 3,997 6,706 174 3 1 - 0 - 3 21,213
2005 13,637 40,923 2,029 120 0 - - - - 11 56,721
2006 10,142 32,261 11,646 305 3 0 - - - - 54,356
2007 4,612 60,854 14,595 417 8 2 0 2 0 46 80,537
2008 14,242 34,526 26,429 557 0 0 - 0 - 10 75,764
2009 5,746 50,397 11,394 423 41 12 7 0 - 1 68,020
2010 4,744 28,053 21,743 177 - 0 0 0 14 54,732
2011 1,893 17,157 4,651 120 4 1 - 0 - 11 23,835
2012 20,817 7,864 3,351 137 2 1 1 1 1 131 32,304
2013 11,705 126,997 4,756 68 0 0 - 0 - 91 143,618
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Table 3.8.16. Florida estimated observed mean weights (pounds) from all red drum measured for
length (and converted to weight) or directly weighed for whole weight. The “Used” mean weights
were those actually applied to the estimated gear-specific landings to calculate the numbers of
landed red drum by gear. Differences between the observed and Used* were due to inadequate
sampling or sampling that was known or judged to be biased relative to the commercial landings.

Gill Net Hook and Line Seine Trammel Net
Year N Obs Used N Obs Used N Obs Used N Obs Used
1981 649 2.808 2.808 8 19.148 3.98 0 4.759 90 7.154 7.154
1982 1,149 3.731 3.731 80 11.898 6.55 51 4277 4277 377 9.416 9.416
1983 108 2.448 2.448 0 5.265 15 6.397 4277 276 7.213 17.213
1984 0 2.996 0 5.265 0 4.277 0 5.483
1985 0 2.996 0 5.265 0 4.277 0 5.483
1986 0 2.996 0 5.265 0 4.277 0 5.483
1987 0 2.996 0 5.265 0 4.277 14 3.754 3.754
1988 0 2.996 0 5.265 0 4.277 10 4.645 4.645

Table 3.8.17. Estimated commercial landings (numbers) of red drum for the Atlantic
coast of Florida during 1981-1988 by collapsed gear category.

Year Gill Net Hook&Line Seine  Trammel Net Totals
1981 76,614 10,323 109 229 87,276
1982 29,488 4,230 112 102 33,931
1983 32,310 4,714 121 104 37,248
1984 31,308 5,469 635 1,018 38,431
1985 21,248 4,029 144 629 26,050
1986 19,304 3,205 100 0 22,609
1987 10,547 1,782 464 0 12,793
1988 44 29 0 0 73
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3.9  Figures
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Figure 3.9.1. Red drum commercial landings in pounds (whole weight) by state from the US
Atlantic coast, 1950-2013 (see text for data sources). MD-MA includes state landings from
Maryland to Massachusetts excluding Virginia. Virginia landings were reported separately.
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Figure 3.9.2. Red drum commercial landings in pounds (whole weight) by region from the US
Atlantic coast, 1950-2013. Northern region includes states from Massachusetts to North
Carolina. Southern region includes landings from South Carolina, Georgia, and Florida.
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Figure 3.9.3. Red drum commercial landings in pounds (whole weight) by gear from the US
Atlantic coast, 1950-2013 (see text for gear descriptions).
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Figure 3.9.4. Size distribution of red drum observed from 2004 to 2013 in the North Carolina
estuarine gillnet fishery. Size distributions are separated by dead and live releases and by large
and small mesh gill net observations (large mesh defined as 5-inch and greater stretch mesh).
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Figure 3.9.5. Size distributions for red drum harvested by commercial gears for North Carolina

and north. Year groupings were determined by the management periods having different size
restrictions and harvest limits for red drum.
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Figure 3.9.6. Estimates of discards from North Carolina’s estuarine gill net fishery derived
from observer data (2004-2006; 2008-2013). Other methods of extrapolation provided for
comparison (ratio discard: landings; GLM using observer data and NC trip ticket data).

SEDAR 44 SAR Section | 93




Data Workshop Report Atlantic Red Drum

4. Recreational Fishery Statistics

4.1 Overview
41.1  Group Membership

Mike Murphy FL FWCC
Jeff Kipp ASMFC

4.2 Recreational Surveys
421  MRFSS/MRIP Introduction

The Marine Recreational Fishery Statistics Survey (MRFSS) was established to
create a reliable database for estimating catch and effort by the marine recreational
fishery  (http://www.st.nmfs.gov/st1/recreational/survey/overview.html). In the
traditional MRFSS methodology, data are collected by a telephone survey of
households in coastal counties and by interviewing anglers at fishing access sites.

A review of the Marine Recreational Fisheries Statistics Survey ( National Research
Council 2006) found that its catch estimation did not account for several
complexities in the survey design and recommended changes. After implementation
of the new survey (Marine Resources Information Program, MRIP), previously
collected MRFSS data have been used to calculate re-estimates beginning in 2004.
The simultaneous estimates made under MRFSS and MRIP during this overlap
period were used to calibrate the historic estimates (1981-2003) to an MRIP basis
(Boreman 2012). Before running this calibration, several adjustments within the
MRFSS-only time series needed to be made to account for within survey
modifications: 1) during 1981-1985 MREFSS included headboat fishery landings
which were separately estimated (Southeast Headboat Fishery Survey) beginning in
1986, and 2) new For-Hire surveys were introduced during the early 2000’s to
improve the effort estimation for this fishing mode. The adjustment factors needed
for converting the data to be consistent with the most modern MRFSS survey design
can be found in Sminkey (2008) and Matter (2012). Once the MRFSS time series
was adjusted to be internally consistent, these consistent MRFSS data were
calibrated to provide MRIP-survey-design-consistent estimates (SEDAR44-DW04).

422 MRFSS/MRIP General Recreational Harvest

Harvest numbers by state and associated PSEs are in table 4.5.1 and working paper
(SEDAR44-DWO04). The total harvest estimates for the northern and southern
stocks are in Table 4.5.2 and figures 4.6.1 and 4.6.2. Harvest from the northern
stock is highly variable in the 1980s, with the two greatest annual harvests during
the time series (525,703 fish in 1983 and 281,614 fish in 1988). Harvest remains
variable after the 1980s, but at lower magnitudes. Harvest in 2013 increases
significantly to 292,194 fish. Harvest from the southern stock is also greatest
during the 1980s. Harvest decreases in the late 1980s, before an increasing trend
over the remaining time series.

4.2.3 MRFSS General Recreational Discards and Discards Trends
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The access-point recreational fisheries surveys (angler intercept) ask anglers about

any fish that was caught and then either landed with its body incomplete (gutted,
filleted, etc), or not landed at all (released alive). Those that were released alive
were designated as discards and the raw reported data were expanded to the
estimated totals following the same procedures as the landed fish. Released alive
estimates by state with associated PSEs are in table 4.5.1 and working paper
SEDAR44-DWO04. Released alive estimates by stock are in figures 4.6.3 and 4.6.4.
Releases generally increase throughout the time series, with the greatest annual
estimates occurring after 2009.

424 MRFSS/MRIP Biological Sampling

4.3.1.1.1 Sampling Methods

The only biological data collected during the routine MRFSS/MRIP/FHS surveys
are length of fish and weight of landed fish. Both are collected opportunistically
but field interviewers are instructed to measure and weigh up to fifteen fish of
each available species from each angler interviewed. The individual fish are to be
selected from the total landed catch at random to avoid any size-bias in the
resultant sample. Fish are measured to the nearest mm fork length (center-line
total length in non-forked fish) and weighed to the nearest 1/8 or ¥2 kg, depending
on scale precision. Sample sizes of fish measured for length by year, state, and
wave are in Table 4.12.3.No age samples are taken from MRFSS/FHS surveys.

4.3 Supplemental Recreational Sampling Sources

4.3.1 North Carolina Tag-Recapture Lengths

A major data-limitation for red drum is the lack of size data on fish released alive
in recreational fisheries. In attempts to characterize the size composition of fish
released alive in the recreational fishery, length data was obtained from tagging
efforts in NC (SEDAR44-DWO0S5). Lengths of tagged red drum that had been
recaptured + measured + released alive + reported by recreational anglers in North
Carolina were available from two tagging programs run by the North Carolina
Division of Marine Fisheries: (i) tags applied by volunteer anglers and (ii) tags
applied by the NCDMF fishery-independent surveys. Additional lengths were
available in cases where multiple recaptures occurred subsequent to the release of a
tagged fish from either a commercial or recreational entity not associated with the
NCDMF tagging programs.

Length measurements were available from 753 fish that had been tagged by the
volunteer angler program (angler recaptures occurred from 1987-2013), 1,438 fish
that were tagged by NCDMF surveys (recaptured during 1986-2013) and 116 fish
that were recaptured subsequent to a prior capture and release by either a
recreational or commercial entity.

Most of the length data (n = 1,818) were from inland (estuarine) fishing areas (by
MRIP definition), with less recreational releases reported from ocean waters (n =
571). Nineteen releases were reported for fish tagged in North Carolina, but
recaptured and released in another state. These data were assumed to be
representative of the overall catch and release component of the recreational fishery
for northern stock fish. Additional details with tables are provided in working paper
SEDAR44-DWOS.
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4.3.2 South Carolina Tag-Recapture Lengths

Similar efforts to characterize the size compositions of fish released alive in
southern stock recreational fisheries were made utilizing SC tagging data
(SEDAR44-DWO05). Lengths of tagged red drum that had been recaptured +
measured + released alive + reported by recreational anglers in South Carolina
were available from three tagging programs run by the South Carolina Department
of Natural Resources: (1) tags applied by volunteer anglers, (ii) tags applied by the
SCDNR fishery-independent surveys of estuarine sub-adult red drum (primarily the
stop net, electrofishing and trammel net surveys), and (iii) tags applied by SCDNR
longline surveys of coastal adult red drum.

Length measurements were available from 5,097 fish that had been tagged by the
volunteer angler program (angler recaptures occurred from 1988-2013), 7,813 fish
that were tagged by sub-adult surveys (recaptured during 1987-2013) and 169 fish
that were tagged by longline surveys (recaptured during 1997-2013).

Most of the length data (n = 12,018) were from inland fishing areas (by MRIP
definition), with less data from areas < 3 miles (n = 1,081), and very few from
federal waters (> 3 miles, n = 33). These data were assumed to be representative of
the overall catch and release component of the recreational fishery for southern
stock fish. Additional details with tables are provided in working paper SEDAR44-
DWOs5.

4.3.3 South Carolina Finfish Survey (SFS)

4.3.3.1 SC-SFS Description and Sampling design

The collection of inshore finfish intercept data in South Carolina is conducted
through a non-random intercept survey at public boat landings and piers in the
following areas: 1) Georgetown/Murrells Inlet, 2) Metropolitan Charleston, and 3)
Beaufort/Hilton Head.

The survey focuses on known productive sample sites and, when it first started, was
conducted during January — December using a questionnaire and interview
procedures similar to those of the MRFSS. Since 2013 (when SCDNR was
contracted to perform the March — December MRIP survey), the SC-SFS has only
operated during the months January — February.

4.3.3.2 SC-SFS Background

Implemented in 1988, the SC-SFS was designed to address specific gaps within
the MRESS data, as identified by SCDNR staff. These data gaps were initially
addressed by interviewing inshore anglers who were targeting red drum at
specific sample locations. Since 2002, more emphasis has been placed on
acquiring length data from all finfish retained by anglers, canvassing at additional
sampling locations, and interviewing all private fishing boats within each area of
the coast. Broadening the scope of the survey may decrease some of the bias
associated with the previous SC-SES protocol, which could potentially allow for
better catch estimates and length frequency data.

4.3.3.3 SC-SFS Protocols

Sampling is conducted at public and selected private (with owner’s permission) boat

landings using a questionnaire and interview protocol similar to MRFSS/MRIP.
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However, the SC-SFS questionnaire focuses on vessel surveys rather than

individual angler surveys and primarily targets private boats.

Interviews are obtained from cooperative anglers at each sampling site. If an angler is
unwilling to participate, they can decline to be interviewed. Assigned creel clerks
interview as many anglers as time allows at any given site.

The sampling schedule is determined by “needs assessments” of the SCDNR Marine
Resources Division and creel clerks. Individual creel clerks are assigned to a
sampling region and will determine their daily sampling schedules based on local
conditions (i.e. weather, landing closures, or events), additional job duties, and
research and management initiatives. Attempts are made to assess all sampling sites
equally, and individual creel clerks randomly rotate between all sampling locations
within their region. Creel clerks will remain at boat landings with fishing activity. If
boat landings have little or no fishing activity, creel clerks move to alternative
sampling locations in close proximity.

4.3.3.4 SC-SFS Landings

Table 4.5.8 shows summary information from the SC-SFC for 1988 through 2013,
including number of interviews (total number = 8,004), numbers of red drum
caught, (total = 25,724) and estimates of CPUE.

4.3.3.5 SC-SFS Biological Sampling
Samples numbers for red drum length data are presented in Table 4.5.9, with a total
of 11,256 fish measured on 2,427 separate dates from 1988 through 2013.

4.3.3.6 SC-SFS Comments on Adequacy for Characterizing Catch

Length data from the SFS could be helpful if there are gaps in the MRFSS/MRIP
length data for SC. However, since there are only biased estimates from directed
sampling in non-random locations, estimates of total catch and harvest that are
equivalent to MRFSS/MRIP cannot be produced.

4.3.4 South Carolina Captains’ Logbook -

4.3.4.1 SC Logbook Landings

Trip level red drum catch data are available from 1993-2013 (36,540 records) with an
average of ~1,700 records per year (Table 4.5.10). Strata include area fished, number
of anglers, pounds landed and number released.

4.3.4.2 SC Logbook Biological Sampling

Length data of harvested and released data are available from 2007-2008 from a
short-term, targeted study. Over 3,500 red drum lengths (total length in inches
and converted to mm) are available by area fished.

4.3.4.3 SC Logbook Comments on Adequacy for Characterizing Catch

Since the logbook is a census, estimates of total catch and harvest could be produced
in additional to SC data generated through MRFSS/MRIP. Length data of B2 red
drum are probably biased compared to the behavior of recreational anglers in general
because charter boat captains release a higher portion of fish in the slot limit.

4.3.5 South Carolina Freezer Program
The SCDNR freezer program collects filleted fish carcasses that have been donated
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to SCDNR by recreational anglers at conveniently located drop-off freezers. It

enables scientists to collect biological information needed for population
assessments, such as the size, age and sex composition of harvested fish.

Data were available from a total of 2,071 harvested red drum caught during 939
fishing trips from the period 1995 — 2013 (Table 4.5.11).

4.3.6 South Carolina Tournament Program

Like the SC freezer program, the tournament program enables information on the
size, age and sex composition of harvested fish to be gathered. SCDNR staff
members attend weekend tournaments and collect measurements and biological
samples from certain species of interest, including red drum. To minimize bias in
the sizes of fish sampled, all of a cooperating angler’s harvested fish are examined,
rather than just the trophy fish. Note, however, that red drum became less
frequently targeted by tournaments since the introduction of the size slot limit.

Data were available from a total of 873 harvested red drum from 125 tournaments
that were attended between 1986 and 2013.

4.3.7 GA DNR Sportfish Carcass Recovery Project

4.3.7.1 Methods, Gears, and Coverage:

In the fall of 1997 the Georgia Department of Natural Resources (DNR) initiated
the Marine Sportfish Carcass Recovery Project. This project takes advantage of the
fishing efforts of hundreds of anglers by turning filleted fish carcasses that anglers
would normally discard into a source of much needed data on Georgia’s marine
sportfish. Chest freezers are placed near the fish cleaning stations at 17 locations
along coastal Georgia. Each freezer is marked with an identifying sign and a list of
target fish species. Cooperating anglers place the filleted carcasses, with head and
tail intact, in a bag, drop in a completed angler information card, and then place the
bag in the freezer. Each fish is identified to species, the fish length is measured, sex
is determined when possible, and the otoliths are removed. A subsection of otoliths
are aged annually.

4.3.7.2 Sampling Intensity:
It was decided during the assessment that each day would be considered an independent
sampling event.

4.3.7.3 Size/Age
The majority of fish aged are age-1.

4.3.7.4 Catch Rates — Number and Biomass

The number of red drum collected by the Carcass Recovery Project ranged from
229 in 2006 to 1336 in 2010 with an average of 581 fish collected each year. A total
of 9884 red drum have been processed by staff since the project began. These fish
ranged in size from 225-950 mm FL with an average of 402 mm FL.

4.3.8 FL Recreational Logbooks (methods, intensity, length/age distributions)
Records of the lengths of live-release red drum were collected from volunteer
anglers who were randomly chosen from a list of Florida’s licensed fishermen
during 2002-2010. Each cooperating fisherman completed entrees into a one-day
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fishing logbook. This data collection was changed to a ‘catch card’ survey in

2012. The new survey instrument was a postpaid card left on a suspected-angler
vehicles at boat ramps and fishing structures during normal MRIP creel survey
operations. The instruction on this card requested information on lengths and
numbers of red drum, snook, and spotted seatrout captured (both kept and
released). These programs were not very successful on the Atlantic coast of
Florida, collecting fewer than 25 fish each year, except in 2012 when a large
number of large (>30 inches) fish were recorded (Table 4.5.12). Newer
information available data entered via mobile device program (Angler Action,
http://www.snookfoundation.org) was made available late in this assessment cycle
but holds promise for valuable information on the lengths of angler-live-released
fish.

41.1 Length composition

The calibrated MRFSS/MRIP survey provides estimates of the number of red drum
caught by anglers that were available for inspection (Type A), the numbers that were
caught and killed but were not available (Type B1), and the number of red drum that
the angler indicated were released alive (Type B2). When feasible, the fish in the
Type A category are measured for length (midline or fork length in red drum) and
weighed. Additional red drum length data from the identifiable catch of red drum
were provided by the FL Recreational Logbooks, Georgia carcass recovery program
(1999-2013), the South Carolina sportfishing survey (1991-2013), SC tag-recapture
data, NC tag-recapture data, and the Virginia marine sportfish collection (2007-
2013). All lengths were converted to total length using the length-length relations
reported in the Meristics and Conversion Section of this report.

The Type A length samples of red drum need to be weighted or expanded to reflect
the estimated number of red drum of this type within each strata of the MRIP
survey. Strata included in the sampling design are: state, year, wave (2-month
period), and fishing mode (shore-based, partyboat, charterboat, party/charterboat,
and private/rental boat). During the angler interview an additional stratum is
identified: area fished (inshore, ocean in state waters, ocean in federal waters). These
strata were identified for each sample from the South Carolina sportfishing survey.
For the carcass recovery data from Georgia and Virginia it was assumed that the
mode of fishing was private/rental boat and the area fished was inshore. The
difficulty encountered in expanding the length data is the sparse sampling for some
strata, though often these strata have low estimates of fish caught also. A
hierarchical pooling scheme was developed to objectively assign length samples to
strata when data pooling was required (see SEDAR44-DWO06 for additional details).
As a first step, all individual strata with at least 20 length measurements were
expanded to the strata estimate directly. For strata with inadequate length samples,
the catch estimate and length frequencies were pooled across boat-based fishing
modes (charter boat/partyboat/private/rental boat) while maintaining the other strata
identification, i.e., state, year, wave, area fished. Those with pooled length samples
of at least 20 were expanded to the strata’s estimated catch. This continued using the
same criteria to accept the length sample as adequate (at least 20 length
measurements) by sequentially adding an additional level of pooling : 1) all ocean
strata (ocean in state waters/ocean in federal waters), then 2) collapse waves to
seasons (January-June, July-December), then 3) all states within a region as long as
the size limit management is the same within that region that year, and then 4)
region/management as in (3) but for all data that year, without regard to the
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collapsed fishing mode, area fished or seasonal strata. To assign lengths to the

remaining estimates, data were pooled within a region/ management block across
years, or were manual assigned if there were no length data for an estimate after this
entire process was conducted. Final length frequencies by state are provided in Table
4.5.4.

The same hierarchical pooling scheme was performed for Type B2 fish using the
lengths of fish reported to be released from logbook, angler card surveys and from
live releases reported for tagged fish. The minimum sample threshold was set lower
to 5 fish. The final category of lengths (Type B1) in MRFSS/MRIP were estimated
to have a length composition that reflected to sum of the final Type A and Type B2
length frequencies.

4.1.2 Recreational Removals Age composition

The length frequencies developed from biological sampling programs were
converted to ages using annual age-length keys derived from all available age-
length data (SEDAR44-DW06). These data were not exclusively collected from
fish sampled from the recreational landings but also included red drum sampled for
length and age from scientific surveys and commercial landings. Age-length keys
had the dimensions of integer inch total length (5-50+) and model age (1-10+).
Annual age-length keys were developed by state when there were at least 300 age-
length data pairs available, otherwise within-state keys were developed from data
collected across a group of years. In the northern region, age-length data were
combined across states each year because of the reduced level of estimated catch
and age-length sampling north of North Carolina. Besides pooling across years
when annual keys were not available, the extremes in the range of lengths were
often under-sampled for ages so some ad hoc across-year pooling was required,
especially for fish greater than 35” TL or those less than 10” TL. Many of these
fish were in the 10+ age group or the age 1 group, respectively. Age compositions
for harvest and release recreational fisheries by state are provided in working paper
SEDAR44-DW06.

Historical Data

Estimates of recreational removals for years prior to the start of the MRFSS in
1981 were developed to provide historical information on the red drum stocks,
which are assumed to already have experienced intense fishing as the MRFSS
began. Estimates were developed back to 1950 with methods described by ASMFC
(2014). This year also coincides with the beginning of the time series of
commercial landings from NMFS. Data on fishing effort were available from the
USFWS National Fishing License Reports
(http://wsfrprograms.fws.gov/Subpages/LicenseInfo/Fishing.htm) from 1958-2013
for each state and the National Survey of Fishing, Hunting, and Wildlife-
Associated Recreation (FHWAR). Estimate of the percentage of license holders
fishing in saltwater from the FHWAR are applied to total number of licensed
anglers in each state to estimate total anglers fishing in a given year and state.
Participation data were extrapolated to years when estimates were unavailable
between 1950 and 1980. The average MRFSS CPUE from 1981-1985, or the first
three years with catch estimates, for each state is applied to the number of
participants to estimate historical harvest and releases. Additional details are
provided in working paper SEDAR44-DW07

On average, Florida had the highest number of saltwater anglers followed by
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Virginia, North Carolina, New Jersey, Georgia, South Carolina, Maryland, and

Delaware (Table 4.5.5). The number of participants accelerated faster in Florida
from 1950 to mid-1970s than in any other state. Recreational harvest in the
southern stock increased steadily through the mid-1970s to a peak of 666,620 fish
and then declined through 1980 (Table 4.5.6, Figure 4.6.5). Recreational harvest in
the northern stock was much lower than the southern stock and does not exceed
100,000 fish during this historical period Recreational releases followed the same
trend as the harvest (same effort estimates), but at much lower magnitudes due to
lower CPUE estimates from the release fishery (Table 4.5.7, figure 4.6.6). There
are no biological data to characterize the size composition of historical recreational
harvest or releases.
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4.5

Tables

Atlantic Red Drum

Table 4.5.1. Adjusted MRIP landings and live-release estimates and proportional
standard errors for Florida and Georgia. *Unadjusted for missing wave 1 estimate.

Florida Georgia
Landings Live-release Landings Live-release
Year Est PSE Est PSE Est PSE Est PSE

1981 | 63,205* 0.433 9,455 1.425 5,717 0.389 0

1982 | 212,426 0.500 10,458 1.244 | 27,757 0.443 3,173 0.734
1983 | 342,716 0.357 57,084 0.811 | 52,148 0.312 1,297 0.667
1984 | 548,085 0.298 49,229 0.766 | 238,013 0.231 5,969 0.936
1985 | 245,078 0.349 202,117 0.586 | 172,639 0.197 6,512 0.378
1986 | 117,682 0.353 104,373 0.442 | 93,162 0.197 53,523 0.264
1987 | 54,595 0.550 395,026 0.426 | 123,801 0.203 220,926 0.225
1988 7,211 0.816 243,685 0.545 | 127,641 0.441 167,972 0.276
1989 | 32,985 0.396 179,873 0.427 | 46,346 0.234 67,025 0.315
1990 | 45,209 0.386 71,680 0.365 | 69,122 0.236 146,765 0.437
1991 | 99,336 0.240 670,400 0.451 | 146,835 0.245 88,127 0.358
1992 | 98,176 0.181 296,862 0.229 | 76,290 0.182 121,190 0.243
1993 | 66,971 0.184 486,498 0.238 | 96,151 0.193 132,405 0.313
1994 | 119,696 0.163 720,918 0.209 | 121,655 0.223 137,075 0.276
1995 | 95,198 0.187 712,927 0.184 | 124,357 0.223 336,888 0.285
1996 | 144,798 0.298 522,494 0.188 | 55,991 0.220 67,978 0.272
1997 | 69,369 0.214 585,029 0.194 | 35,337 0.202 21,041 0.328
1998 | 105,163 0.173 506,364 0.175 | 23,449 0.229 32,152 0.244
1999 | 128,499 0.141 602,572 0.160 | 61,662 0.245 17,336 0.570
2000 | 193,962 0.136 739,877 0.145 | 85,222 0.212 121,659 0.251
2001 | 182,701 0.142 894,528 0.150 | 81,656 0.317 234,752 0.284
2002 | 124,550 0.155 698,270 0.183 | 83,356 0.201 158,656 0.210
2003 | 156,213 0.147 772,792 0.169 | 110,621 0.178 255,956 0.185
2004 | 136,728 0.128 1,006,814 0.140 | 138,893 0.242 141,972 0.220
2005 | 195,550 0.177 1,405,967 0.181 | 105,655 0.187 334,521 0.229
2006 | 145,860 0.130 847,269 0.123 | 68,813 0.228 136,306 0.178
2007 | 161,427 0.140 758,684 0.138 | 113,237 0.220 225,985 0.201
2008 | 159,246 0.168 889,550 0.159 | 133,107 0.187 313,743 0.248
2009 | 79,635 0.146 521,659 0.109 | 68,857 0.205 167,704 0.218
2010 | 175,828 0.145 1,414,115 0.132 | 194,826 0.218 483,650 0.196
2011 | 180,001 0.128 1,051,143 0.140 | 106,962 0.220 213,781 0.264
2012 | 238,191 0.149 799,428 0.100 | 45,766 0.259 90,237 0.173
2013 | 297,527 0.121 1,541,541 0.162 | 73,827 0.194 198,722 0.301
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Table 4.5.1. (cont’d) Continued Adjusted MRIP landings and live-release estimates and
proportional standard errors for South Carolina and North Carolina. “No intercepts so
interpolated from adjacent year estimates.

South Carolina North Carolina
Landings Live-release Landings Live-release
Year Est PSE Est PSE Est PSE Est PSE
1981 25,718  0.586 428 1.180 70,732 3.482 13,213 3.566
1982 143,738  0.234 2,403 1.206 54,360 1.316 0
1983 95,429  0.500 9,490 0.737 499,727  0.984 2,078 1.475
1984 122,808 0.405 12916 0.000 195,136 3479 205,178  10.230
1985 384,598 0.226 16,343 0.456 53,586 1.323 0
1986 182,790 0.254 24,142 0.416 48,839 1.073 0

1987 477,051 0.225 84,499 0.317 115,759  0.405 41,866 0.847
1988 270,587 0.255 274,598 0.283 277,597 0.450 37,187 1.065
1989 119,686 0.267 43,797 0.484 104,094  0.486 11,188 0.733
1990 113,270  0.386 104,113 0.481 44,606 0.347 39,651 1.406
1991 112,968 0.309 102,471 0.541 50,738  0.249 206,767 0.467
1992 103,249  0.199 46,889 0.336 34,170  0.379 89,651 0.422
1993 113,460 0.332 149,686 0.703 83,076  0.233 492,422 0.673
1994 119,561 0.542 331,065 0.225 39,273 0.291 206,239 0.576
1995 183,302  0.728 365,623 0.269 127,074  0.219 307,199 0.347
1996 124,906  0.316 197,765 0.317 55,441 0.226 50,571 0.382
1997 125,771  0.226 192,560 0.305 10,928 0393 603,821 0.402
1998 45,791 0.212 85,512 0.208 148,268 0.193 346,735 0.239
1999 43,140 0308 93,425 0.223 85,536 0.189 344,234 0.229
2000 35425 0.294 99,415 0.222 81,340 0.170 275,547 0.219
2001 59,147 0343 225,632 0.223 28,663 0.216 316,790 0.246
2002 39,694  0.273 154,847 0.230 78,890 0.244 1,232,930 0.350
2003 154,111 0.294 441,356 0.208 24,232 0.210 85,447 0.249
2004 107,803  0.206 438,173 0.182 30,017  0.241 181,252 0.128
2005 130,655 0.216 493,595 0.135 51,807 0.215 378,541 0.234
2006 48,703  0.282 539,936 0.174 55,714  0.159 510,264 0.156
2007 72,261  0.234 436,797 0.162 66,789 0.293 416,352 0.162
2008 119,471 0.227 552,217 0.177 50,809 0.165 658,887 0.123
2009 70,326  0.198 751,123 0.167 57,543 0.165 429,776 0.152
2010 172,708 0.174 786,452 0.135 64,024 0.108 635,876 0.103
2011 161,503  0.182 664,291 0.108 45,143  0.152 207,697 0.127
2012 121,068 0.244 543,618 0.103 52,948 0.126 1,533,010 0.104
2013 97,386 0.182 673,377 0.102 164,218 0.112 654,030 0.112
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Table 4.5.1. Contd Adjusted MRIP landings and live-release estimates and proportional
standard errors for Virginia and Maryland.

Virginia Maryland
Landings Live-release Landings Live-release
Year Est PSE Est PSE Est PSE Est PSE
1981 | 33,460 0.560 0 0 0
1982 0 0 0 0
1983 | 24,986 0.660 0 990 1.243 0
1984 1,358 1.470 0 0 0
1985 0 1,396 1.557 0 0
1986 | 21,308 0.331 7,222 0.804 0 0
1987 1,875 0.855 0 0 0
1988 4,017 1.040 4,413 1.378 0 0
1989 9,353 0.413 6,692 0.678 1,065 1.243 3,936 1.643
1990 0 888 1.182 1,486 1.243 0
1991 | 12,217 0.482 18,105 1.617 3,008 0.769 5,971 1.808
1992 8,950 0.357 14,628 0.516 0 0
1993 | 10,797 0.720 60,504 0.960 0 0
1994 929 0.563 10,159 0.412 0 0
1995 2,471 0.496 34,252 0.574 0 0
1996 533 1.459 2,649 0.892 0 0
1997 1,540 0.898 121,617 0.699 0 0
1998 9,593 0.347 96,438 0.334 0 3,734 1.731
1999 8,632 0376 228,878 0.376 0 2,897 1.594
2000 | 16,154 0.280 188,323 0.423 0 1,964 2.714
2001 4,697 0.369 32,918 0.604 0 0
2002 | 43,303 0.352 945,683 0.317 6,273 0915 24,825 0.843
2003 9,952 0.394 41,927 0.478 0 3,954 2.043
2004 5,005 0.861 33,777 0.332 0 0
2005 2,766 1.000 28,351 0.460 0 0
2006 | 12,665 0.627 185,859 0.375 6,362 1.000 12,357 0.716
2007 | 46,405 0.282 110,566 0.282 0 0
2008 | 20,847 0326 236,787 0.181 0 217 0.901
2009 | 38,670 0.274 178,396 0.437 0 14,754 0.726
2010 | 11,076 0.315 28,580 0.302 0 2,182 0.980
2011 0 61,330 0.590 0 0
2012 | 28,159 0.622 2,503,456 0.286 17,869 1.000 280,171 0.476
2013 | 124,156 0.341 220,305 0.349 2,134 0.426 2,207 0.701

SEDAR 44 SAR Section | 105



Data Workshop Report Atlantic Red Drum

Table 4.5.2 Calibrated MRFSS/MRIP Recreational Harvest (A+B1) estimates of Red Drum in
numbers of fish for the Northern Stock (Maryland, Virginia, and North Carolina) and the
Southern Stock (South Carolina, Georgia, and Florida).

Northern Southern

Stock Stock

NC/VA/MD | FL/GA/SC
Year rec harvest | rec harvest

(A+B1) (A+B1)

1981 104,192 94,640
1982 83,583 383,921
1983 525,703 490,293
1984 196,494 908,906
1985 53,586 802,315
1986 70,147 393,635
1987 117,634 655,446
1988 281,614 405,439
1989 114,512 199,017
1990 46,091 227,601
1991 65,963 359,139
1992 43,120 277,715
1993 93,873 276,582
1994 40,203 360,912
1995 129,545 402,857
1996 55,973 325,695
1997 12,468 230,477
1998 157,861 174,403
1999 94,168 233,301
2000 97,493 314,609
2001 33,538 323,503
2002 128,606 247,600
2003 34,184 420,945
2004 35,021 383,424
2005 54,574 431,860
2006 75,209 263,375
2007 113,195 346,925
2008 71,656 411,825
2009 96,213 218,818
2010 75,100 543,361
2011 46,098 448,466
2012 99,272 405,026
2013 292,194 468,739
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Table 4.5.3. Sample size of lengths collected by MRFSS and MRIP biological sampling by

year, state, and wave. Cells with NA indicate no recreational harvest. (Florida and Georgia)

Year Wave Year Wave
1 ] 2 T 3 1 a4 1 5 1 6 1 ] 2 T 3 1 4 1T 5 1 6
1981 NA NA 6 4 14 1 1981 NA NA 1 19 NA NA
1982 0 NA 8 9 5 33 1982 NA NA 4 0 18 2
1983 4 2 8 24 57 56 1983 NA NA NA 34 61 13
1984 20 11 34 33 40 40 1984 NA NA 4 183 13 18
1985 4 18 8 25 6 4 1985 17 6 71 282 232 161
1986 1 1 17 25 18 2 1986 2 23 25 71 98 35
1987 11 1 1 NA 4 5 1987 2 7 13 68 231 167
1988 NA NA NA 2 0 NA 1988 14 1 8 16 130 53
1989 1 NA 1 1 10 2 1989 7 2 9 16 79 46
1990 1 NA 2 5 3 7 1990 NA 17 1 8 50 0
1991 2 1 2 5 21 16 1991 NA 6 3 1 41 17
1992 3 1 7 16 11 18 1992 NA 23 2 11 81 59
1993 8 1 5 18 20 15 1993 NA 2 7 10 35 56
« 1994 17 5 14 20 39 5 'gn 1994 NA 20 10 11 43 76
] 1995 15 5 5 2 28 6 = 1995 NA 3 18 5 59 47
5 1996 10 11 16 19 36 2 S 1996 NA 28 12 5 23 10
= 1997 2 0 9 12 24 12 (&} 1997 NA 2 2 0 8 7
1998 4 17 18 12 32 36 1998 NA 4 3 3 16 0
1999 27 24 33 37 80 29 1999 NA 1 0 2 11 13
2000 33 29 &) 33 80 60 2000 NA 4 9 4 69 25
2001 23 20 40 66 88 42 2001 NA 2 NA 8 70 70
2002 24 26 20 27 71 35 2002 NA 2 8 18 89 52
2003 18 19 36 50 46 42 2003 NA 48 21 17 90 122
2004 16 29 27 30 58 2 2004 NA 25 23 11 55 83
2005 18 23 31 40 63 40 2005 NA 6 5 16 169 76
2006 47 28 25 30 49 35 2006 NA 13 10 5 64 31
2007 24 34 29 43 51 2 2007 NA 11 4 2 154 127
2008 20 21 21 31 59 2 2008 NA 39 12 5 104 101
2009 13 19 16 2 61 21 2009 NA 15 12 9 68 61
2010 6 37 38 54 54 30 2010 NA 21 23 11 142 282
2011 23 24 25 47 31 29 2011 NA 24 16 13 93 52
2012 49 42 25 38 59 44 2012 NA 15 0 8 30 36
2013 29 7 30 34 26 18 2013 NA 9 18 4 45 25
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Table 4.5.3. Cont’d Sample size of lengths collected by MRFSS and MRIP biological
sampling by year, state, and wave. Cells with NA indicate no recreational harvest. (South
Carolina and North Carolina)

Wave Wave
Year Year
1T [ 21T 31 41 5 6 1 2 3 4 s | 6
1981 NA NA NA 0 26 NA 1981 NA NA NA 2 8 NA
1982 NA 1 3 38 31 2 1982 NA 2 NA 2 4 NA
1983 NA NA NA 2 35 NA 1983 NA NA 3 1 5 NA
1984 NA 2 0 9 23 23 1984 NA NA 1 NA 6 6
1985 NA NA 1 11 41 63 1985 NA NA NA 1 2 8
1986 NA 3 5 27 38 5 1986 NA NA NA NA 4 NA
1987 NA 21 3 13 151 99 1987 NA NA NA 14 31 5
1988 NA 13 19 18 55 92 1988 NA 9 2 18 50 18
1989 NA 5 40 43 80 25 1989 1 5 6 15 44 30
1990 NA 19 12 18 21 31 1990 NA 0 3 20 40 10
1991 NA 9 4 2 12 17 1991 NA 7 2 14 57 21
g 1992 NA 5 4 27 79 60 g 1992 NA NA 3 8 25 6
P} 1993 NA 11 NA 19 61 42 b} 1993 NA 13 18 9 62 15
2 1994 NA 9 4 27 22 33 E 1994 NA 5 22 23 31 9
o] 1995 NA 4 2 43 86 58 [ 1995 NA 7 14 47 123 49
o 1996 NA 27 39 18 86 31 o 1996 NA 2 25 26 55 6
s 1997 NA 6 20 5 93 93 :E 1997 NA 7 3 2 10 8
g 1998 NA 10 6 7 68 37 ;6 1998 NA 1 17 142 346 28
195} 1999 NA 17 8 12 43 18 Z 1999 NA 6 56 53 69 15
2000 NA 3 15 8 5 23 2000 NA 22 16 42 36 14
2001 NA 2 5 6 12 30 2001 NA 15 13 6 33 6
2002 NA 4 15 17 12 16 2002 NA 4 9 19 41 13
2003 NA 15 0 7 9 6 2003 NA 4 16 14 11 7
2004 NA 3 20 11 48 46 2004 NA 3 10 12 14 1
2005 NA 8 14 30 18 2005 NA 1 5 8 22 12
2006 NA 10 3 7 17 13 2006 1 3 16 14 32 13
2007 NA 1 2 2 15 16 2007 NA 2 6 8 14 41
2008 NA 15 7 7 16 33 2008 1 2 14 25 28 22
2009 NA 6 8 8 25 20 2009 2 12 25 19 54 24
2010 NA 20 22 30 57 91 2010 12 29 31 61 49 11
2011 NA 15 39 40 39 35 2011 8 12 29 30 34 34
2012 NA 17 14 13 14 14 2012 3 15 21 29 35 29
2013 NA 8 14 45 41 39 2013 9 7 29 70 148 70
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Table 4.5.3. Cont’d Sample size of lengths collected by MRFSS and MRIP
biological sampling by year, state, and wave. Cells with NA indicate no recreational
harvest.(Virginia and Maryland)

Year Wave Year Wave
1 2 3 4 5 6 1 2 3 4 5 6
1981 10 1981 1
1982 1982
1983 9 1983 0 3
1984 1 1984
1985 1985
1986 2 18 39 1 1986 10
1987 2 1987
1988 1 1988
1989 3 12 1 1989 2
1990 1990 2
1991 6 6 1991 1 1 3
1992 14 2 6 1992
1993 3 1 2 = 1993
.g 1994 1 1 g 1994
S 1995 1 1 1 1 - 1995
o 1996 1 = 1996
= | 1997 0 1 1 g 1997
1998 0 5 7 1998
1999 2 3 4 2 1999
2000 9 2 10 0 2000
2001 2 2 1 1 2001
2002 0 2 1 23 12 2002 21
2003 2 7 1 6 2003
2004 3 1 2004
2005 3 2005
2006 0 2 9 2006 0
2007 5 6 6 2 47 2007
2008 7 5 9 4 3 2008
2009 3 4 7 20 1 2009
2010 7 4 4 12 2010
2011 2011
2012 4 9 2 2012 0
2013 30 9 34 13 2013 5 1
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Table 4.5.3. Cont’d Sample size of lengths collected by MRFSS and MRIP biological
sampling by year, state, and wave. Cells with NA indicate no recreational harvest.(Delaware
and New Jersey)

Year Wave Year Wave
1 2 3 4 5 6 1 2 3 4 5 6
1981 1981
1982 1982
1983 1983
1984 1984
1985 1985
1986 1986
1987 1987
1988 1988
1989 1989
1990 1990
1991 1991
1992 1992
o 1993 2| 1993
=] 1994 & 1994
2 1995 2 1995
= 1996 5 1996
5 1997 o 1997
1998 4 1998
1999 1999
2000 2000
2001 0 2001
2002 1 2002
2003 2003
2004 2004
2005 2005
2006 0 2006
2007 2007
2008 2008
2009 2009
2010 2010
2011 2011 0
2012 0 1 2012
2013 1 1 4 | NA_| 2013
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Table 4.5.4. Annual length-frequency (2 cm total length classes) samples from retained red drum captured by the recreational

fishery in Florida
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Table 4.5.4 (con’t). Annual length-frequency (2-cm total length classes) samples from retained red drum captured by the

recreational fishery in Georgia
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Table 4.5.4 (con’t).Annual length-frequency (2-cm total length classes) samples from retained red drum captured by the recreational

fishery in South Carolina.
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Table 4.12.4 (con’t).Annual length-frequency (2-cm total length classes) samples from retained red drum captured by the

recreational fishery in North Carolina.
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Table 4.5.5 Estimated number of pre-MRFSS saltwater fishing participants by state.

Year

DE

FL

GA

MD

NJ

NC

SC

VA

Total

1950
1951
1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
1978
1979
1980

5,926
6,110
6,295
6,480
6,665
6,849
7,034
7,219
7,403
7,895
8,087
8,702
8,196
7,332
8,372
8,120
7,952
8,911
8,650
9,776
6,699
8,196
6,456
10,093
11,735
11,581
11,199
11,160
11,236
11,414
11,935

265,900
274,187
282,475
290,762
299,049
307,337
315,624
323911
332,199
365,676
374,577
414,720
391,199
399,699
418,956
442,416
453,819
493,510
496,090
521,289
562,752
705,592
731,204
772,865
834,392
870,670
821,995
739,438
667,847
716,261
588,882

58,689
60,518
62,347
64,176
66,006
67,835
69,664
71,493
73,322
83,528
84,808
87,064
89,882
99,412
104,567
117,125
131,537
120,220
114,606
114,150
118,638
126,846
130,360
134,834
144,253
149,037
144,075
133,881
128,013
132,393
129,388

45,387
46,801
48,216
49,630
51,045
52,459
53,874
55,289
56,703
56,631
58,010
58,511
73,867
69,019
74,949
82,622
88,934
90,285
100,562
86,776
85,161
92,728
97,156
101,476
112,040
104,120
97,919
113,261
96,774
101,510
99,517

80,422

82,928

85,435

87,941

90,448

92,954

95,461

97,968

100,474
179,199
183,561
104,646
103,705
107,664
113,146
116,827
119,166
121,613
141,187
149,627
145,519
158,116
158,416
173,348
174,222
191,718
172,519
154,994
132,414
150,084
145,920

95,637
98,618
101,598
104,579
107,560
110,541
113,521
116,502
119,483
77,808
79,702
113,602
112,338
112,518
129,586
143,987
149,296
160,514
167,869
175,485
176,272
176,823
181,544
199,445
217,449
220,220
207,841
190,099
183,570
183,452
175,120

44,789
46,185
47,581
48,977
50,373
51,769
53,165
54,561
55,957
58,865
60,298
64,063
69,651
77,411
79,839
86,452
79,277
103,793
105,401
118,824
88,347
94,301
101,932
107,716
117,847
123,102
128,982
121,552
116,870
116,626
116,110

130,062
134,116
138,169
142,223
146,277
150,330
154,384
158,438
162,491
150,237
153,894
142,102
148,620
152,512
161,955
172,459
182,655
191,333
206,204
217,011
232,996
233,635
252,805
272,907
295,247
248,908
233,888
242,880
226,124
242,359
247,867

726,810
749,463
772,116
794,769
817,421
840,074
862,727
885,380
908,032
979,841

1,002,936
993,410
997,458

1,025,567

1,091,369

1,170,008

1,212,636

1,290,179

1,340,569

1,392,938

1,416,384

1,596,238

1,659,873

1,772,684

1,907,185

1,919,355

1,818,417

1,707,265

1,562,849

1,654,099

1,514,739
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Table 4.5.6 Estimated historical recreational harvest in numbers of fish by state and stock
(1950-1980)

Year [DE FL GA MD N NC sC  vA | herther S"“;her
150 | 87 P00 ap126 s08 sz M 60597 9483 | 42002 | 222773
1051 [ 90 7 43430 524 ss0 PO e2ass 9779 | 44239 | 229716
152 | 92 P70 aagst sa0 sor W easza 10T 45576 | 236659
1953 | 95 1315’27 46064 556 615 35é27 66,263 10(’)37 46913 | 243,602
14 |98 X aram s 7% esast 100 asast | 250546
toss | 10 YT ageon se7 eso V7 70040 1070 | a0ses | 257.489
1os6 | 1) 120 s0003 603 ees %P 71928 'L | 50905 | 264432
1057 | 10 MM sisi6 e19 ess 00 masir M| sao6 | 27137
osg | ) MO sae0 635 703 00 7smos MY saseo | 278318
1059 | M1 so0s5 eaa B 20 ggen 19901 30004 | 304,604
060 | U1 1O s0g7s eso 2% 2088 gisi0 T2 050 | 311569
61 | 12 T gaa0s ess 72 2% seers 1970 | s0197 | 336407
o62 | 2 702 asis g ms Y oasa 1981 s040a | 335370
1963 180 18%45 71356 773 753 37695 10373 “(’)12 50,700 | 356,547
1964 | 2 1O 5056 g39 g1 BT IOSOT LSO 57095 | 372007
1965 | U 0T saor0 oas w7 T MOS0 I2ST 6007 | 400779
1966 | o 2% oaa1s 996 833 50536 1072 13é31 65,626 | 406,565
1967 | 1 22281 geoor MO gsp 1414042 39S 0080 | 449,530
s | 12 2397 oo 12 oo 5662 14260 1503 | agoe | e
7 8 6 8 0 5
1969 | 1 PP gross gra OH %D 16070 ISR g0 151 | arg0s1
1970 | 98 25407 85156 954 1,01 5946 11952 1698 | 78,520 | 458,760
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1971

1972

1973

1974

1975

1976

1977

1978

1979

1980

12

95

14

17

17

16

16

16

16

17
5

318,56
330,13
348,93
376,71
393,09
371,12
333,84
301,52
323,38

265,87
3

91,047
93,570

96,781
103,54

106,97

103,41

96,097
91,885
95,029

92,872

1,03
1,08
1,13
1,25
1,16
1,09
1,26
1,08
1,13

1,11
4

8
1,10

1,10
1,21
1,21
1,34
1,20
1,08
926
1,05

1,02
0

2
59,64

61,24
67,27
73,35
74,28
70,11
64,12
61,92
61,88

59,07
3

8
127,58

137,90
145,73
159,44
166,54
174,50
164,45
158,11
157,78

157,08
9

8
17,03

18,43
19,89
21,52
18,14
17,05
17,70
16,48
17,67

18,07
3

Atlantic Red Drum

78,947
81,964
89,674
97,525
95,112
89,632
84,351
80,586
81,909

79,456

537,197
561,607
591,452
639,699
666,620
649,038
594,396
551,528
576,200

515,834
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Table 4.5.7 Estimated historical recreational releases in numbers of fish by state and stock
(1950-1980).

Year | DE FL GA MD NJ NC SC VA | Northern | Southern

1950 | 374 13,643 1,457 742 135 2,343 3,280 131 | 3,726 18,389
1951 | 386 14,068 1,503 766 139 2,416 3,391 135 | 3,842 18,962
1952 | 398 14,493 1,548 789 144 2,489 3,494 139 | 3,958 19,535
1953 [ 409 14,918 1,593 812 148 2,562 3,596 143 | 4,074 20,108
1954 | 421 15,344 1,639 835 152 2,635 3,699 147 | 4,190 20,681
1955 | 433 15,769 1,684 858 156 2,708 3,801 151 | 4,306 21,254
1956 | 444 16,194 1,730 881 160 2,781 3,904 155 | 4,422 21,827
1957 | 456 16,619 1,775 904 165 2,854 4,006 159 | 4,539 22,400
1958 [ 468 17,044 1,821 928 169 2,927 4,109 163 | 4,655 22,974
1959 [ 499 18,762 2,074 926 301 1,906 4,322 151 | 3,784 25,158
1960 | 511 19,219 2,106 949 308 1,953 4,427 155 | 3,876 25,752
1961 | 550 21,278 2,162 957 176 2,783 4,704 143 | 4,609 28,144
1962 | 518 20,072 2,232 1,208 174 2,752 5,114 149 | 4,802 27,417
1963 | 463 20,508 2,468 1,129 181 2,757 5,684 153 | 4,683 28,660
1964 | 529 21,496 2,596 1,226 190 3,175 5,862 163 | 5,283 29,954
1965 | 513 22,699 2,908 1,352 196 3,527 6,348 173 | 5,762 31,955
1966 | 502 23,284 3,266 1,455 200 3,658 5,821 184 | 5,999 32,371
1967 | 563 25,321 2985 1477 204 3,932 7,621 192 | 6,369 35,927
1968 | 547 25,453 2,846 1,645 237 4,113 7,739 207 | 6,749 36,038
1969 | 618 26,746 2,834 1,420 251 4,299 8,725 218 | 6,806 38,305
1970 | 423 28,874 2,946 1,393 244 4318 6,487 234 | 6,614 38,306
1971 | 518 36,202 3,150 1,517 266 4,332 6,924 235 | 6,867 46,276
1972 | 408 37,516 3,237 1,589 266 4,448 7,484 254 | 6,965 48,238
1973 | 638 39,654 3,348 1,660 291 4,886 7,909 274 | 7,750 50,911
1974 | 741 42,811 3,582 1,833 293 5327 8,653 297 | 8,491 55,046
1975 | 732 44,672 3,701 1,703 322 57395 9,039 250 | 8,402 57,411
1976 | 708 42,175 3,577 1,602 290 5,092 9471 235 | 7,926 55,223
1977 | 705 37,939 3,324 1,853 260 4,657 8,925 244 | 7,720 50,188
1978 | 710 34,266 3,179 1,583 222 4,497 8,581 227 | 7,240 46,026
1979 | 721 36,750 3,287 1,661 252 4,494 8,563 244 | 7,372 48,600
1980 | 754 30,214 3,213 1,628 245 4,290 8,525 249 | 7,167 41,952
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Table 4.5.8. South Carolina State Finfish Survey data for recreational catch and effort of trips
targeting red drum.
Total Angler Red Drum Red Drum Red Drum  Proportion CPUE

Year Interviews Hours Released Harvested Caught positive trips| (Fish/Hr) SE PSE
1988 19 105 1 30 31 0.26 0.24 0.14 589
1989 15 120 16 7 23 0.40 0.20 0.11 54.4
1990 51 358 60 97 157 0.55 0.64 0.16 24.9
1991 132 1,269 43 211 254 0.55 0.27 0.04 16.4
1992 140 1,154 165 305 470 0.66 0.59 0.08 14.0
1993 472 3,801 395 382 777 0.46 0.26 0.02 9.6
1994 140 982 269 188 457 0.71 0.56 0.06 10.2
1995 180 1,291 328 144 472 0.68 0.46 0.06 13.2
1996 576 4,571 1,502 932 2,434 0.75 0.60 0.03 4.4
1997 352 3,208 835 395 1,230 0.68 043 003 7.1
1998 220 1,952 442 422 864 0.64 0.48 0.05 9.5
1999 301 2,190 616 401 1,017 0.55 0.51 0.05 10.0
2000 251 2,063 480 218 698 0.53 0.37 0.04 11.0
2001 250 1,813 783 242 1,025 0.60 0.68 0.07 11.0
2002 356 2,474 1,129 305 1,434 0.63 0.68 0.06 8.4
2003 488 3,959 1,454 292 1,746 0.54 0.66 0.06 9.1
2004 571 4,700 1,279 317 1,596 0.56 0.43 0.03 8.0
2005 422 3,070 778 236 1,014 0.53 0.41 0.04 9.3
2006 470 3,537 929 202 1,131 0.52 0.38 0.03 8.0
2007 335 2,725 698 219 917 0.53 0.44 0.04 9.1
2008 417 3,551 1,179 312 1,491 0.61 0.54 0.05 8.7
2009 343 2,791 1,051 329 1,380 0.60 0.66 0.06 8.8
2010 427 3,358 1,484 417 1,901 0.65 0.70 0.06 7.9
2011 515 3,959 1,205 499 1,704 0.62 0.55 0.04 7.7
2012 533 3,876 953 433 1,386 0.55 0.41 0.03 6.7
2013 28 121 94 21 115 0.57 0.76 0.21 27.5

8,004 62,991 18,168 7,556 25,724 0.57 0.50 0.06 14.39
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Table 4.5.9. Red drum fish length data collected by the South Carolina State Finfish
Survey. N: number of red drum measured; n: number of angler trips (effective
sample size).

Year N n
1988 21 5
1989 8 4
1990 77 18
1991 276 61
1992 456 56
1993 541 109
1994 211 36
1995 305 54
1996 1075 127
1997 518 102
1998 573 101
1999 599 106
2000 391 92
2001 358 90
2002 623 146
2003 542 121
2004 543 155
2005 345 105
2006 326 108
2007 314 82
2008 517 136
2009 526 138
2010 635 156
2011 780 162
2012 667 149
2013 29 8

11,256 | 2,427
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Table 4.5.10 Number of fishing trips targeting red drum, and catches, as reported by South Carolina charter boat logbooks

NUMBER OF TRIPS PROPORTION +VE CATCHES  CPUE (FISH/HR) SE

Year Estuarine 0-3miles >3 miles Estuarine 0-3 miles >3 miles Estuarine 0-3 miles >3 miles Estuarine 0-3 miles >3 miles
1993 127 43 7 0.76 0.84 0.57 0.99 0.42 0.13 0.15 0.07 0.07
1994 319 66 7 0.90 0.79 0.86 0.72 0.29 0.95 0.04 0.03 0.52
1995 785 84 24 0.84 0.81 0.88 0.67 0.47 0.47 0.03 0.06 0.10
1996 1,064 60 6 0.88 0.57 0.67 0.82 0.22 0.24 0.03 0.05 0.09
1997 1,071 21 13 0.86 0.86 0.85 0.72 0.52 0.34 0.03 0.11 0.08
1998 1,278 112 23 0.85 0.83 0.91 0.59 0.58 0.30 0.02 0.07 0.07
1999 1,460 49 18 0.88 0.82 0.89 0.75 0.57 0.34 0.02 0.09 0.08
2000 1,651 67 1 0.87 0.82 1.00 0.81 0.60 0.75 0.02 0.08 0.00
2001 2,185 89 4 0.89 0.82 0.75 0.88 0.42 0.58 0.02 0.05 0.35
2002 2,296 204 4 0.91 0.89 1.00 1.12 0.62 1.68 0.03 0.05 0.99
2003 2,678 158 7 0.94 0.87 0.86 1.04 0.60 1.46 0.02 0.05 0.53
2004 2,352 225 13 0.92 0.80 1.00 0.96 0.50 0.95 0.02 0.04 0.28
2005 2,264 224 16 0.91 0.82 0.50 0.80 0.46 0.32 0.02 0.04 0.15
2006 2,044 188 16 0.91 0.79 0.81 0.76 0.44 0.58 0.02 0.04 0.26
2007 2,215 246 25 0.88 0.83 0.84 0.74 0.51 0.51 0.02 0.04 0.11
2008 2,105 261 21 0.93 0.88 0.38 0.84 0.53 0.23 0.02 0.06 0.08
2009 2,037 303 25 0.91 0.84 0.76 0.98 0.67 0.23 0.03 0.06 0.05
2010 1,413 246 18 0.93 0.92 0.78 1.02 0.49 0.19 0.03 0.04 0.04
2011 1,360 275 10 0.92 0.91 0.50 0.82 0.50 0.47 0.02 0.04 0.23
2012 970 301 24 0.87 0.88 0.79 0.71 0.67 0.43 0.03 0.04 0.13
2013 955 376 31 0.85 0.89 0.81 0.65 0.59 0.48 0.03 0.03 0.15

32,629 3,598 313 0.89 0.83 0.78 0.83 0.51 0.55 0.03 0.06 0.21
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Table 4.5.11. Harvested red drum sampled for sex, total length and age by the SCDNR freezer
fish program. N: number of red drum; n: number of angler trips (effective sample size).

Year N n
1995 91| 28
1996 162 | 67
1997 142 | 58
1998 113 | 56
1999 97 | 37
2000 271 | 95
2001 134 | 58
2002 205 | 91
2003 156 | 75
2004 68 | 39
2005 59| 37
2006 67 | 38
2007 100 | 47

2008 57| 32
2009 68 | 37
2010 76 | 34
2011 85| 43
2012 66 | 34
2013 54| 33

2,071 | 939
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2012 2013
13
13

Table 4.5.12 Angler-volunteered total lengths of red drum released alive on the Atlantic coast
2003 2004 2005 2006 2007 2008 2009 2010 2011

of Florida during 2003-2013.
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4.6 Figures
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Figure 4.6.1. Recreational harvest estimates from the MRFSS/MRIP for the northern stock
(NC-N)).
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Figure 4.6.2. Recreational harvest estimates from the MRFSS/MRIP for the southern stock
(SC-FL).
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4.6.3. Released alive (numbers) estimates from the MRFSS/MRIP for the northern stock (NC-
NIJ).
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4.6.4. Released alive (numbers) estimates from the MRESS/MRIP for the southern stock (SC-
FL).
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Figure 4.6.5. Historical recreational harvest estimates by stock.
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Figure 4.6.6. Historical Recreational Release estimates by stock.
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5. Indices of Population Abundance

5.1 Overview

The Indices workgroup representatives were Carolyn Belcher (GADNR), Chris
Kalinowsky (GA DNR), Steve Arnott (SC DNR) and Lee Paramore (NCDMF).
Several issues were discussed by the group, including how to reconcile different trends
in the two southern region young-of-the-year indices.

Several red drum indices of abundance were considered for use in the assessment
model. The index working group evaluated all available index options and made
recommendations for indices to use in the assessment based on the guidelines below.
Consider rejecting an index if it:

a) contains less than 5 consecutive years of red drum captures with consistent

survey methodology

b) contains low proportion positive samples

¢) unrealistic magnitude changes for unexplained reason

d) for unexplained reason does not track strong year classes, if not single age index

e) for unexplained reason does not correlate with trends observed in nearby surveys

f) covers a small geographic area relative to the spatial extent regional model(s)

g) is in some other way not representative of the regional stocks.

The working group recommended five indices of abundance for the northern stock and
eleven indices of abundance for the southern stock. All index options, pros and cons,
and ultimate decisions are in table 5.9.1(a) and 5.9.1(b) for the northern and southern
stocks, respectively. Additional details on indices and the surveys they are developed
from are below.
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5.2 Fishery-Independent Surveys

5.2.1  Survey One - Florida young-of-the-year bag seine survey index

An index for young-of-the-year (beginning of continuity model-age 1) abundance was
developed from the catches of small red drum (<40 mm SL) made during the
September-March recruitment window in the Northeast Florida area. Sampling has been
conducted since May 2001 in the lower St. Mary’s River/lower Nassau River/lower St
Johns River basins areas and since late 1997 in the Mosquito Lagoon/Indian River
Lagoon area using a 21.3 m seine stratified-random design. A detailed description of
the survey program is provided in the FWC-FWRI Fishery Independent Monitoring
Program’s annual reports (e.g., McMichael et al. 2014).

Standardized catch rates were estimated using a delta lognormal modeling approach (Lo
et al. 1992) to account for the effect of environmental variables, location, and time on
the availability of red drum and isolate the year effect as an index of true abundance
change. Factors utilized in the model development were surface temperature and
salinity, bay-zone location (approximate ecological zones set as part of sampling design
and logistics) , year, month, bottom type category (mud or sand), bottom vegetation type
(submerged aquatic vegetation, other), shore category (emergent vegetation, terrestrial
managed, other), gr (various 21-m seine configurations), and effort (area coverage). The
final year-specific marginal means estimates and standard errors of the two sub-models
(binomial for presence/absence, lognormal for positive catches) were used to generate
distributions of estimates for each sub-model from a Monte Carlo simulation (5000
Student’s t distributed realizations). The product of these distributions provided an
estimate of the mean catch rate with year-specific variability. All analyses were done
using R 3.0.1 (R Core Team 2013).

The delta lognormal model factors (lognormal positive catches and binomial
presence/absence) that explained greater than 0.5% of the residual deviance/DF were
retained in the models. The retained factors included: bay zone, shore vegetation type,
and water temperature for the lognormal model and month, bay zone, bottom type, and
salinity for the binomial model (Table 5.6.2). The nominal and standardized indices
showed similar patterns with reduced abundance of recruits for 2006 and 2011 and a
large year class recruiting in 2013 (Table 5.6.3, Fig. 5.7.2)

5.2.1.1 Methods, Gears, and Coverage

The FWC’s Fishery Independent Monitoring (FIM) program uses a stratified, random
design to collect information on animal populations (Fisheries-Independent Monitoring
Program Staff. 2008). Strata are primarily defined by depth, shore type (overhanging or
not), and bottom vegetation (sea grass or not). This program also supplies length, weight,
sex and material for the determination of age while monitoring abundance of young-of-
the-year (biological-age-0; model-age 1) and larger fishes. Annual Atlantic coast young-
of-the-year (red drum smaller than or equal to 40 mm standard length) indices were
estimated from collections of red drum made using 21.3-m (3.1mm bar mesh) center-bag
seines. Sets used to develop these indices were made from September through March
during the periods 1997-2013 in the northern Indian River Lagoon and during 2001-2013
in the St. Johns River/Nassau Sound region (Fig. 5.7.1). Though data were available
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since 1990 few or no red drum were captured during these “start-up” years; the survey

changed from seasonal sampling (spring and fall) to year round in 1996, and consistent
sampling zones have been randomly surveyed since 1997.

5.2.1.2 Sampling Intensity

At least 100 sets were made each year after 1997. Up to 20 red drum-per-size-class
captured during 21.3-m bag seine sampling were measured for standard length (SL) and
all were counted within each size class. When more than 20 red drum were encountered
then length frequencies of the 20 fish were expanded to the total number caught to
estimate the sample catch length frequency. All red drum used in the analysis from the
young-of-the-year survey, 21.3-m bag seines, were less than or equal to 40 mm SL and
were assumed to be age 1 (defined as beginning the first January 1% after fall hatching
season).

5.2.1.3 Size/Age data

All red drum considered for this index were clearly age 0 based on the sizes of fish
considered, less than or equal to 40 mm SL.

5.2.1.4 Catch Rates

The complete fishery-independent dataset was used to develop the relative abundance
estimates. Standardized annual catch rates for red drum were estimated using a delta
lognormal model (dual Generalized Linear Models, Lo et al. 1992). All factors used in
the analyses were simplified categorical effects: bayzone (region within sampled
estuary), bottom sediment type (sand, mud), month, shore type (overhanging vegetation,
structure, other), bottom vegetation (seagrass, none), salinity (low,<8ppt; medium,8-
33ppt; high,>33ppt), and temperature (low,<I15degreesC; medium,16-25degreesC;
high,>25 degrees C). Only main effects were used in the model.

The indices generated for young-of-the-year red drum indicate strong year-classes
occurred periodically but the strongest of these occurred during the fall/winter of 2004
(January 1, 2005). A string of three consecutive, above-average year classes occurred
during the period 2003-2005 (Table 5.6.3, Fig. 5.7.2). Weak year-classes have
occurred recently; young-of-the-year were at low levels of abundance in 2000 and
possibly again in 2011-12.

5.2.1.5 Uncertainty and Measures of Precision

The standardization process provided estimates of the asymptotic standard errors for the
year-specific least squares mean for the binomial (presence/absence) component and the
lognormal (positive catches) component. Model diagnostics for the positive-catch
analysis showed a slight positive skew to the residuals and this will lead to slight under-
estimation of the CV’s of the annual index values (figure 5.7.3). A final combined annual
index value and its CV was estimated using a Monte Carlo simulation of the individual
component distributions. The analysis contained comparisons between the trends in the
empirical average catch rates (arithmetic), the standardized full dataset catch rates, and
the species- association subset dataset (Stephens and McCall 2004). The group decided
that because the survey included estuarine stations that were all potential habitat for
juvenile red drum, the standardized full dataset index should be used. After the data
workshop, during development of the index standardization diagnostics, the analysis (S
18 DW-10) was revised to include only those data collected since fall 1997. Estimates of
coefficients of variation exceeded 100% for the original 1993-1996 index estimates and
sampling design changes that occurred prior to 1997 justified dropping these early data
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from the analysis.

Another level of uncertainty not addressed results from the potential highly variable
natural mortality rates experienced by such small red drum. The group was concerned
that the year-class signals from fish this small could be modified by extreme levels of
natural mortality early in the fish’s first year of life, i.e., the ,critical period” could occur
in older fish.

5.2.1.6 Comments on Adequacy for assessment

This index was deemed adequate for use in the assessment. The group decided that the
delta lognormal standardization for the entire dataset was more useful than the species-
association subset analysis. The survey area was conducted within the general habitat of
young-of-the-year red drum. With multiple young-of-the-year indices in the southern red
drum region, the group decided that, beside the year-specific estimates of precision, the
survey weights should be made using the relative areal extent of each survey.

5.2.2 Survey Two- South Carolina stopnet survey

5.2.2.1 Methods, Gears, and Coverage

A net was used to enclose a section of flooded intertidal habitat (~0.2 km2) during high
tide. It was set just above the low water mark with each end anchored on shore, enabling
fish to be collected as they became stranded by the retreating tide. Net dimensions were
366 m x 2.4 m at one of the sites that was visited repeatedly (site 0001), and 274 m x 2.4
m at another (site 0270). Nets were fitted with a float line and lead-core bottom line and
were made of 50.8 mm stretched-mesh dipped nylon multifilament.

5.2.2.2 Sampling Intensity- time series

A total of 150 collections were made at nine stations between 1985 and 1998. Sites 0001
(Grice Cove, Charleston Harbor, SC) and 0270 (Bulls Island, Bulls Bay, SC) were
sampled most frequently (Table 5.6.4). Although collections occurred in all months
across the full duration of the survey, each month was not necessarily sampled within
each calendar year.

5.2.2.3 Size/Age data

Captured red drum were counted and measured (TL and SL). TL ranged between 33
mm and 910 mm (mean = 431 mm, median = 390 mm). For red drum caught during the
months Jul-Dec, age 1 red drum were assigned based on size ranges shown in Table
Stop-3 (assuming age transition from O to 1 at the first Jan 1 of life, several months after
settling from the plantkon).

Otoliths and/or scales were taken from a sub-sample of red drum for aging. Red drum
TL > 350 mm were tagged before releasing them. Ages were assigned to 7,756 red drum
based on length (L), otoliths (O) or scales (S).Sex and maturity data were obtained from
a total of 1,656 and 305 red drum, respectively.

5.2.2.4 Catch Rates- Number and Biomass
The survey captured a total of 8,132 red drum between 1985 and 1998. Based on
available data, indices of abundance for age 1 red drum were calculated separately for
Sites 0001 and 0270 using age 1 catch data from the months Jul-Dec (Table 5.6.5,
Fig.5.75). Indices of abundance for all red drum (all sizes/ages) were calculated for just
site 0001 using data from all catch data from the months Jan-Sep (Table 5.6.5).
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5.2.2.5 Uncertainty and Measures of Precision

Age 1 indices from Site 0001 covered the longest time period (1986 — 1994) and had
lower PSE values that those from site 0270 (Table 5.6.5). PSE values at Site 0001 were
less than 20% in four of the years sampled, below 30% in a further three years, and
greater (up to 51.7%) in the remaining two years. In years when both sites were
sampled, similar trends were observed (Fig 5.7.5). PSE values for the index of all red
drum (all sizes/ages) were similar.

5.2.2.6 Comments on Adequacy for assessment

The survey used a fixed station survey design, concentrating mainly on just two sites, so
spatial coverage is poor and the indices are less statistically robust. Sampling was
monthly in some years, but sporadic in others.

Despite the data being from fixed stations, there is reasonable agreement in year class
strength when compared with overlapping years from the SCDNR rotenone and
trammel net surveys, and also when compared with relative year class composition
derived from otoliths of adult red drum (Arnott et al., 2010). Due to this agreement, the
group thought the age 1 index from Site 0001 (the longest time series with most
complete sampling coverage) would be useful to include in the stock assessment
models, since very few fishery independent data were available from the 1980s and
early 1990s.

5.2.3 Survey Three — Georgia Gillnet survey (model age-1)

5.2.3.1 Methods, Gears, and Coverage

To determine red drum relative abundance, the gill net survey was conducted in
Altamaha and Wassaw Sounds from June through August 2003-2013. In the Altamaha
River Region, 36 stations were sampled each month from a pool of 60 total stations
using a hybrid random stratified and fixed station design (Figure 5.7.8). In a given
survey month, each selected station is sampled one time. There were 8 SEDAR fixed
stations; twenty-eight stations were then randomly selected from the remaining 52
stations. In the Wassaw Sound region, 36 stations were selected and sampled from a
pool of 70 total stations using a hybrid, random stratified and fixed station design
(Figure 5.7.9). In a given survey month, each selected station is sampled one time.
There were five fixed SEDAR stations and 31 stations were randomly selected from the
remaining 65 stations.

5.2.3.2 SEDAR vs. “All Stations”

From 2003-2008 strata were based on high affinity sites for red drum (Pool = F) and
unknown affinity sites (Pool = R). There were four QUADS in Wassaw with these two
POOL observations, 8 strata total. Altamaha originally had the same POOL
configuration with 15 QUADS split between Hampton River, Altamaha Sound, and
Doboy Sound (30 strata). The purpose of these QUADS was to insure sampling across
the entire estuarine system. Strata were collapsed in the Altamaha system sampling due
to effort cuts over the years while still maintained the overall sample design.
Unfortunately, during this time, some stations were re-designated from F to R and vice
versa. At SEDAR 18, the committee had concerns with stations being switched from one
designation to another (R vs F) and decided only to use the stations that did not change
and had the highest sampling frequency; these 13 sites became the pool for the Georgia
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“SEDAR Index”.

After SEDAR 18, GADNR staff reassessed the universe of available stations and only
selected sites that had caught a least one red drum through 2008. This dramatically
reduced the overall number of stations available for sampling each year but provided a
better representation of red drum optimum habitat. Monthly station selection remained
the same in Wassaw with 4 QUADS (or strata), Altamaha was collapsed further into just
Hampton, Doboy, and Altamaha strata. Catch and effort data prior to 2009 were also
reevaluated using this new pool of stations. This became the Georgia “NEW 09 Index”
which the SAC referred to as “All Stations”.

All sampling occurred during the last three hours of ebb tide and only during daylight
hours. Station pools in both survey areas were determined by initial surveys, which
identified locations that could be effectively sampled with survey gear.

Survey gear is a single panel gillnet. The netis 91.4 m (300 ft.) long by 2.7 m (9 ft.) deep.
The panel has 6.4 cm (2.5 in.) stretch mesh. The net has a 1.3 cm (0.5 in.) diameter
float rope and a 34 kg (75 1b.) lead line. A 11.3 kg (25 1b.) anchor chain is attached to
each end of the lead line, and a large orange bullet float is attached to each end of the
float line.

A sampling event consists of a single net set. The net is deployed by boat starting at the
bank following a semicircular path and ending back on the same bank. Net deployment
is performed against the tidal current. Immediately after deployment, the net is actively
fished by making two to three passes with the boat in the area enclosed by the net. After
the last pass is made, the net is retrieved starting with the end that was first set out. As
the net is retrieved, catch is removed and put inside a holding pen tied to the side of
the boat. After the net is fully retrieved, all catch is processed for information and
released. T h e catch is identified to species and counted. All finfish specimens are
measured, centerline in millimeters. In addition to catch information, temporal, spatial,
weather, hydrographic and physio-chemical data are collected during each sampling
event.

5.2.3.3 Sampling Intensity

A minimum of 36 stations are sampled in each sound system during each month of the
sampling season (June — August). The time series covers 2003-present. The number
of sites visited by month and year are outlined in Table 5.6.5.

5.2.3.4 Size/Age

The majority of fish sampled are age-1 individuals. Length cutoffs are applied to the data to
exclude larger fish from the index.

5.2.3.5 Catch Rates — Number and Biomass
Catch per unit effort by year for 2003 through 2013 are given (Table 5.6.5 and Figure 5.7.10).

5.2.3.6 Uncertainty and Measures of Precision
Annual CPUEs and their associated 95% confidence limits / CVs were provided (Table
5.6.5).

5.2.3.7 Comments on Adequacy for assessment
The group accepted both the SEDAR Index for continuity as well as the “All Stations”
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index. During the assessment workshop it was decided that Georgia’s “All Stations”

index was an improvement over the SEDAR index and would be included in both the
continuity run and the new model.

5.2.4 Survey Four — North Carolina young-of-the-year index

5.2.4.1 Methods, Gears, and Coverage

A red drum seine survey was conducted at 21 fixed sampling sites throughout coastal
North Carolina (Figure 5.7.11) during September through November for each year from
1991 through 2013. Each of these sites was sampled in approximately two week
intervals for a total of six samples with an 18.3 m (60 ft) x 1.8 m (6 ft) beach seine with
3.2 mm (1/8 in) mesh in the 1.8 m x 1.8 m bag. One “quarter sweep” pull was made at
each location. This was done by stationing one end of the net onshore and stretching it
perpendicularly as far out as water depth allowed. The deep end was brought ashore in
the direction of the tide or current, resulting in the sweep of a quarter circle quadrant.
All species were counted and identified; red drum were counted and measured to the
nearest

mm FL. Salinity (ppt), water temperature (°C), tidal state or water level, and presence of
aquatic vegetation were recorded. Locations of fixed stations were determined in 1990
based on previous catch rates and practicality for beach seining (Ross and Stevens 1992).
The juvenile index, or CPUE, is the arithmetic mean catch/seine haul of young-of-the-
year (YOY) individuals.

5.2.4.2 Sampling Intensity — time series-

Under the sampling design, complete survey coverage occurred at 120 seine sets per year.
Only in 1994 and 1999 did the number of seine sets fall below 100.

5.2.4.3 Size/Age data
The size distribution of red drum caught during this survey indicated most fish were
age-0. Size cutoff for age-0 was 100mm and only age-0 fish were used in the index.

5.2.4.4 Catch Rates — Number and Biomass

Catch rates were variable early in the survey with apparent strong year classes in 1991,
1993, and 1997 (Table 5.6.6). During 1999-2001 there was a consistent series of low
annual catch rates followed by an increase through 2005, before another decrease from
2006-2009. 2011 marked the 4™ largest CPUE during the time series, indicating a strong
year class. Since 2011, catch has decreased for 2012 and 2013.

5.2.4.5 Uncertainty and Measures of Precision

The estimated standard errors for the arithmetic mean catch rates were largest for the
peak catch rates during the 1990’s and lower since then especially for the years of lower
catch rates. Hurricanes during this year caused extreme high and low water conditions
and may have altered survey results. For this reason it was recommended that the 1996
data point be deleted from the index. The proportional standard errors (PSE is the same as
CV of the mean) indicate that the estimated arithmetic mean catch rates were at least as

precise as other indices for young-of-the-year red drum in the southern region, ranging
from 13 to 31.

5.2.4.6 Comments on Adequacy for assessment

The group agreed that catch rates for this survey would be useful as an index of
abundance for young-of-the-year red drum and agreed with the recommendation that

1996 data point not be used.
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5.2.5 Survey Five — Florida subadult survey

Indices of abundance for subadult red drum in Florida were developed using fishery-
independent survey data from Northeast Florida and the Northern and Southern Indian
River Lagoon. These fish were caught using a 183-m seine deployed year-round under a
stratified random design. Analyses of these data followed the delta-lognormal
approached as explained above for the young-of-the-year index, with the exception that
a year-age categorical variable was included in the null model rather than just year. This
allowed retrieval of the marginal mean for each age group across years. Sampled fish
were assigned age groups based on their specific length and a sub-sample of the catch
chosen for age determination. Length alone was used to separate ages 1 from age 2 and
length and aged samples were used to assign ages to late age-2 fish and age 3’s. Indices
were developed separately for SS3 model-age 1 (second full calendar year of life) and
SS3 model-age 2. The retained factors adjusted for in the model included: bay zone and
trimester (December-March, April-July, August-November) for the lognormal model
and bay zone, trimester, and salinity for the binomial model (Table 5.6.7). The nominal
and standardized indices showed some similar trends with a one year offset but were
generally quite noisy (Tables 5.9.8 and 5.9.9, Fig. 5.10.12)

5.2.5.1 Methods, Gears, and Coverage.
This survey is a stratified random sampling, much like survey 5.3.1 above, except with
183-m seine sampling gear. This survey has operated in the southern and northern Indian

River Lagoon since 1997 and in the St Johns/Nassau Sound area since 2001 (Fig.
5.7.1).

5.2.5.2 Sampling Intensity — time series

The calendar year sampling intensity ranged from 360 sets in 1997 to over 600 samples
per year after 2002 (Tables 5.9.8 and 5.9.9). Annual random samples of aging parts were
taken from between about 60 and 150 fish each year.

5.2.5.3 Size/Age data

Estimated annual length frequencies for red drum caught in the 183-m haul seine showed
a wide size range was captured by the gear. Most captured red drum were between 14 and
24 inches TL, also with a secondary mode at 5 or 6 inches. During 2004 there was an
abundant group of red drum between 4 and 12 inches long. The ages of red drum
captured in haul-seine sets was mostly model-age 2 and 3 years olds, with occasional
high numbers of age-1 or age-4 fish.

5.3.5.1 Catch Rates — Number and Biomass

Subadult red drum along the Florida coast fluctuated in abundance during 1997-2003,
increased slightly during the mid-2000’s before declining in abundance through 2013,
except for 2012 (Fig. 5.10.12). Age-specific indices seemed to show some
correspondence year-to-year, with consistent abundant or rare year classes of red drum
passing through model age 2 one year and model-age 3 the next. There was less
correspondence seen between these relative abundance indices and that seen in the
young-of-the-year (model-age 1) index.

5.2.5.4 Uncertainty and Measures of Precision

The estimated CV’s for the pooled index ranged 12-17%. Age-specific partitioning
uncertainty still needs to be incorporated into the final age-specific indices (variance
summation). Model diagnostics for the positive-catch analysis showed a slight positive

skew to the residuals (Fig. 5.7.13) and this will lead to slight under-estimation of the true
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CV’s of the annual index values.

5.2.5.5 Comments on Adequacy for assessment

The working group agreed that catch rates for this survey would be useful for age-specific
indices of abundance for model ages 2 and 3. The group also recommended using the
delta lognormal standardization for the entire dataset.

5.3.6 Survey Six — South Carolina trammel net survey

5.3.6.1 Methods, Gears, and Coverage

The trammel net survey uses a stratified random sampling design. On each sampling day,
trammel nets are typically set at 10-12 sites per stratum, although weather, tide or other
constraints sometimes hinder this target. Sites are selected at random (without
replacement) from a pool of 22-30 possible sites per stratum, with the exception that
adjacent sites (unless separated by a creek mouth) cannot be sampled on the same day to
avoid sampling interference.

Fish are collected using a 183 x 2.1 m trammel net fitted with a polyfoam float line (12.7
mm diameter) and a lead core bottom line (22.7 kg). The netting comprises an inner
panel (0.47 mm #177 monofilament; 63.5 mm stretched-mesh; height = 60 diagonal
meshes) sandwiched between a pair of outer panels (0.9 mm #9 monofilament; 355.6 mm
stretch-mesh; height = 8 diagonal meshes). The trammel net is set along the shoreline
(10-20 m from an intertidal marsh flat, <2 m depth) during an ebbing tide using a fast
moving boat. Each end is anchored on the shore, or in shallow marsh. Once the net has
been set, the boat makes two passes along the length of the enclosed water body at idle
speed (taking <10 minutes), during which time the water surface is disturbed with
wooden poles to promote fish entrapment. The net is then immediately retrieved and
netted fish are removed from the webbing as they are brought on board and placed in a
live-well. Once the net has been fully retrieved, all fish are identified to species and
counted. Measurements (TL and SL) are taken from all individuals of target species
(including red drum), and up to 25 individuals of non-target species. Any red drum
between 350 and 549 mm TL are tagged with disc belly tags, and any greater than 549
mm TL are tagged with a steel shoulder tag. The majority of all fish caught (>95%) are
released alive at the site of capture.

5.2.5.6 Sampling Intensity — time series

At present (2014), seven strata are surveyed monthly: Ace Basin (AB); Ashley River
(AR); Charleston Harbor (CH); Lower Wando River (LW); McBanks (MB); Cape
Romain Harbor (RH); and Winyah Bay (WB) see Figure 5.10.2). The two quarterly strata
(strata CT and BR) are sampled less frequently due to the extra time and costs involved.

Historical data also exist from an additional seven strata that were sampled over varying
periods of time (strata AC, CP, CR, CS, LB, MI and UW). Stratum CR (Cape Romain)
covered some of the sites incorporated in the present-day strata MB and RH strata
(allowing time-series from the latter strata to be extended back to 1994).

A total of 17,853 random trammel set were made at 549 sites along the South Carolina
coastline between November 1990 and December 2013. An additional 2,840 non-random
sets were made between 1987 and 2013, primarily for the purpose of biological sampling
and tagging). The combined random and non-random sets caught a total of 73,013 red
drum.
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5.2.5.7 Size/Age data

All red drum were measured for total and standard length. Sizes of captured red drum
varied between approximately 200 and 900 mm and comprised mostly sub-adult red
drum less than ~5 years old (Fig-5.7.14). Numbers of red drum sampled for sex,
maturity, weight and age shown in Table 5.6.10.

5.2.5.8 Catch Rates — Number and Biomass

Monthly aggregate CPUE of red drum in each of the currently surveyed strata are shown
in Fig-5.10.15. Age 1 fish were identified in the catches from their cohort-specific size,
enabling annual CPUE indices to be calculated using data from July — December, when
they are vulnerable to the gear (Fig-5.7.16). Age 1 red drum that had been stocked by the
SCDNR Mariculture Section were removed from these analyses using estimates of
stocked fish, as identified by genotyping fin-clip samples (Table 5.6.11). Similar analyses
were performed for the aggregate catches of all red drum (all sizes and ages combined)
using January — December data (Fig-5.7.17). Indices of abundance of age 2 red drum in
different strata were calculated using age-length keys derived over three month periods
within each year of sampling (Jan-Mar, Apr-Jun, etc.) (Fig-5.7.18).

Arnott et al (2010) found that trammel net CPUE of red drum is reasonably synchronous
along the South Carolina coastline. For the stock assessment, combined (statewide)
indices of abundance for age 1 and 2 red drum were derived using data from just 1994
through 2013, and from just five strata that had been sampled for the entirety of that
period: ACE Basin, Charleston Harbor, Wando River, Muddy & Bulls Bays and Cape
Romain (Tables 5.6.12-5.6.13, Fig- 5.7.19). The years 1991-1993 were not included
because of unbalance sampling among strata, and due to concerns about changes in the
gear (see below).

5.2.5.9 Uncertainty and Measures of Precision

There is less confidence in the earlier years of the survey because fewer estuarine systems
and strata were covered, fewer trammels were set, and the 1989 year class was only
sampled over three months (rather than 9). Values for the 2007 year class are preliminary
because neither the most recent trammel data nor the percentage contribution of stocked
fish to the AR, LW and CH strata are available yet. Evidence from previous years
suggests that the effect of stocking is probably negligible to the SC-wide values

Coefficients of variation were above 20 early in the time series and generally less than 15
after this.

5.2.5.10 Comments on Adequacy for assessment

The randomized stratified design of the trammel net survey is a statistically robust
sampling protocol. There is good agreement in CPUE trends across strata, as well as
with indices from the South Carolina red drum electroshock survey, which covers lower
salinity areas of the trammel survey estuary systems (SC DNR 2009).

5.3.7 Survey Eight — North Carolina Sub-Adult Survey

5.3.7.1 Methods, Gears, and Coverage
The Divisions independent gill net study (Program 915) started as the presence and
absence of disease sampling in 1998 on the Neuse, Pamlico and Pungo River systems
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(River Independent Gill Net Survey (RIGNS). Sampling in Pamlico Sound (The

Pamlico Sound Independent Gill Net Survey (PSIGNS)) was initiated in May of 2001.
Sampling in the RIGNS was dropped after 2000 and resumed in 2003 to present. The
PSIGNS has sampled continuously since 2001. A primary objective of both the PSIGNS
and the RIGNS is to provide independent relative abundance indices for key estuarine
species including red drum.

Sampling locations for the IGNS were selected using a stratified random sampling
design based on area and water depth (Figure 2). The Sound was divided into eight
areas: Hyde County 1 — 4 and Dare County 1 — 4. The Neuse River was divided into
four areas (Upper, Upper-Middle, Middle-Lower, Lower) and the Pamlico River was
divided into four areas (Upper, Middle, Lower and Pungo River). A one minute by one
minute grid (i.e., one square nautical mile) was overlaid over all areas and each grid was
classified as either shallow (< 6 ft), deep (> 6ft) or both based on bathymetric maps.

Physical and environmental conditions, including surface and bottom water temperature
(0C), salinity (ppt), dissolved oxygen (mg/L), bottom composition, as well as, a
qualitative assessment of sediment size, were recorded upon retrieval of the nets on each
sampling trip. All attached submerged aquatic vegetation (SAV) in the immediate
sample area was identified to species and density of coverage was estimated visually
when possible. Additional habitat data recorded included distance from shore, presence
or absence of sea grass or shell, and substrate type.

Note: the time series in the rivers is inconsistent with the Pamlico Sound as the results
have typically been analyzed for two areas: 1) Hyde and Dare counties (PSIGNS) only,
beginning 2001, and 2) Rivers (Pamlico, Pungo and Neuse; RIGNS), beginning 2003.
The CPUE represents the number of red drum captured per sample and can be expressed
overall or for a given age. A sample was one array of nets (shallow and deep combined)
fished for 12 hours. Due to disproportionate sizes of each stratum and region, the final
CPUE estimate is weighted. The total area of each region by stratum was quantified
using the one-minute by one-minute grid system and then used to weight the observed
catches for calculating the abundance indices.

5.3.7.2 Sampling Intensity —

Each area was sampled twice a month. For each random grid selected, both a shallow and
deep sample were collected. Sets in the Pamlico Sound were made over a part of the year
in 2001 (237 sets), and thereafter was sampled between 300 and 320 sets per year. Sets in
the Rivers (Pamlico, Pungo and Neuse) were made over a part of the year in 2003 (156
sets) and thereafter was sampled between 304 and 320 samples per year.. Sample areas
and coveraged included in the PSIGNS and RIGNS surveys from 2001-2006 are provided
in Figure 5.10.20.

5.3.7.3 Size/Age data

Each collection of fish per mesh size (30-yard net) was sorted into individual species
groups. All species groups were enumerated and an aggregate weight (nearest 0.01
kilogram (kg)) was obtained for most species, including damaged (partially eaten or
decayed) fish. The condition of each individual was recorded as live, dead, spoiled, or
parts. Individuals were measured to the nearest millimeter for either fork or total length
according to the morphology of the species. Ages were assigned based on length cutoffs
derived seasonal ALK’s (6-month: Jan-Jun, Jul-Dec). A large range of sizes were caught
(range 220-1260 mm TL), but the vast majority of sizes were associated with age-1 or
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age-2 fish (mean of ~400 mm TL). An overall age-aggregated index, as well as, an age

specific index for age-1 and age-2 fish were generated

5.3.7.4 Catch Rates — Number and Biomass

The Pamlico Sound overall (age-aggregated) weighted CPUE showed an increasing
trend over the time series with highest value occurring in 2013 (Table 5.9.14). Age-1
fish varied throughout the time series with a time series high was captured in 2012.
Age-2 fish exhibited an overall increasing trend during the time series, although low
values did occur in 2010 through 2012. Age-2 abundance peaked in 2013,
corresponding with the peak in age-1 fish in 2012.

Comparisons in catch rates were made between the Pamlico Sound and Rivers portions
of the survey (Figure 5.10.21). Trends in age-1 fish were similar between those
calculated from the Pamlico Sound and Rivers. Trends in age-2 abundance were
similar, although age-2 fish were captured less frequently in the Rivers. The overall
abundance from the combined index closely tracked the abundance from the Pamlico
Sound portion of the survey.

5.3.7.5 Uncertainty and Measures of Precision

Standard errors and CVs were presented for the Pamlico Sound portion of the survey
by age (age-1 and age-2) and for all ages aggregated (Table 5.9.14). The aggregated
CVs indicate the precision of this index is slightly less than the southern region’s
Florida subadult survey and similar to the South Carolina trammel net survey.
Precision decreased for age-specific indices and higher for age-1 relative to age-2 fish.

5.3.7.6 Comments on Adequacy for assessment

The group agreed that catch rates for this survey would be useful as an index of
abundance. An age-1 and age-2 index consistent with SEDAR 18 along with an age-
aggregated index of abundance. The group agreed to continue to limit the index to only
the Pamlico Sound portion of the survey. This decision maximizes the length of the
time series and the strong similarity in trends between the areas combined just the
Pamlico Sound portion of the index

5.3.8  Survey Nine — South Carolina Adult Longline Survey

5.3.8.1 Methods, Gears, and Coverage (Include a map of the survey area.)

The data from the South Carolina Adult Red Drum Survey have been amended to
include 1-mile long sets using a cable mainline. A cable mainline was used during the
project exclusively in 1994, the first year of the study. Following discussion that sharks
may be deterred by the cable (sharks were also a target species), in 1995 a monofilament
mainline was also used. Both gear types were used until 1997. In 1998, the survey
switched to monofilament mainline for all sets, since it was concluded that while the
cable gear decreased the catch of sharks, red drum catches were unaffected by the gear.
Both gear are now included in these updated data upon agreement by the Indices Sub-
committee.

Since most catches of red drum occur in the fall, when they are most available to the
gear, only sets made August through December have been included. Until 2007, most
sampling occurred in the Charleston Harbor, using fixed stations, with occasional trips
north and south, so these data only include samples from Charleston Harbor (Figure
5.10.22). In 2007, sampling was changed in order to cover more of the coast of South
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Carolina, geographically and temporally, and stations were chosen randomly from a

predetermined list of sites. The new sampling utilized gear with a mainline 1/3-mile
long; these sets are not represented in the data since only one season would be available
(Figure 5.10.23).

Furthermore, due to the change in sampling, only a few (n=7) 1-mile long sets were
made in 2007. These sets were utilized primarily to obtain red drum for broodstock. The
sets were made in areas previously sampled with the fixed station design. Samples in
2005 and 2006 were also lower than previous years (n=29, n=51 respectively), because
the vessel used for the survey broke down both years during the sampling season.

5.3.7.1 Sampling Intensity — time series

Sampling consistently occurred during three fixed sampling periods, August 1 to
September 15, September 16 to October 31 and November 1 to December 15. A total of
2,054 collections (sets) occurred from 2007 to 2013 across 250 sites from the four strata
(Table 5.9.15). Of the 250 sites, 226 had positive catches of red drum and 761 of the
2054 sets (37.0%) captured at least one red drum. Not every site was sampled every
period or year due to the stratified random design. Sampling occurred from August
through December each year.

5.3.7.2 Size/Age data

From 2007 to 2013 a total of 539 red drum were sacrificed for age estimation and
reproductive assessment. Age estimates ranged from 3 to 40 (x =17.3) and ages were
significantly different between strata. (Table 5.9.15)

5.3.8.2 Catch Rates — Number and Biomass

Catch per unit effort by year for 1994 through 2006 and 2007 through 2013 are given in
Tables 5.9.16.-5.9.17 and Figure 5.10.24

5.3.8.3 Uncertainty and Measures of Precision

Standard errors and variances were presented for the annual estimates of CPUE (Tables
5.9.16-5.9.17 and Figure 5.10.24). Apparent coefficients of variation was relatively low,
<10, for most years.

5.3.8.4 Comments on Adequacy for assessment

The WG recommended using this survey but only for those index stations in the
Charleston Harbor area.

5.2.6  Survey Ten- North Carolina Adult Longline Survey

5.2.6.1 Methods, Gears, and Coverage (Include a map of the survey area.)

In order to begin a long-term index of abundance for red drum, this study employs a
stratified-random sampling design based on area and time. Areas chosen for sampling
were based on prior North Carolina Division of Marine Fisheries (NCDMF) mark and
recapture studies, which indicate the occurrence of adult red drum within Pamlico
Sound during the months of July through October (Bacheler et al., 2009; Burdick et al.,
2007). The sample area was overlaid with a one-minute by one-minute grid system
(equivalent to one square nautical mile). Grids across the area were selected for
inclusion in the sampling universe if they intercepted with the 1.8 m (6 ft) depth contour
based on the use of bathymetric data from National Oceanic and Atmospheric
Association (NOAA) navigational charts and field observations. Other factors, such as
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obstructions, accessibility, and logistics, were considered when grids were selected.

Finally, the sample area was divided into twelve similarly sized regions (Figure
5.10.25). In order to stratify samples through space and time, two samples were
collected from each of the twelve regions during each of three periods from mid-July to
mid-October.

A standardized sampling protocol that is replicated each year has been consistently
utilized in the survey since 2007. All sampling was conducted using bottom longline
gear. Lines were set and retrieved using a hydraulic reel. Ground lines consisted of 227
kg (500 Ib) test monofilament. Samples were conducted with a 1,500-meter mainline
with gangions placed at 15 meter intervals (100 hooks/set). Stop sleeves were placed at
30 m intervals in order to aid in accurate hook spacing and to prevent gangions from
sliding down the ground line and becoming entangled when large species were
encountered. Terminal gear was clip-on, monofilament gangions consisting of a 2.5
mm diameter stainless steel longline clip with a 4/0 swivel. Leaders on gangions were
0.7 m in length and consisted of 91 kg (200 1b) monofilament rigged with a 15/0 Mustad
tuna circle hook. Hooks were baited with readily available baitfish (striped mullet is the
primary bait and longline squid is the first alternative). Sets were anchored and buoyed
at each end. Anchors consisted of a 3.3 kg window sash weight. Multiple sash weights
were used in high current areas. All soak times were standardized and kept as close to
30 minutes as logistically possible. Soak times were measured from the last hook set to
the first hook retrieved. Short soak times were designed to minimize bait loss, ensure
that the red drum were tagged in good condition, and to minimize negative impacts to
any endangered species interactions.

Within each randomly selected grid two samples are taken. In order to maintain
consistency, all samples were made in the vicinity of the 1.8 m depth contour with
sample depths typically ranging from 1.2 to 4.6 m in depth. All random sampling
occurred during nighttime hours starting at sunset. On average, a total of four sets were
made per night.

Physical and environmental conditions, including surface and bottom water temperature
(°C), salinity (ppt) and dissolved oxygen (mg/L), were recorded for each longline
sample. Bottom composition and sediment size were recorded in the instances where
they could be ascertained. Location of each sample was noted by recording the
beginning and ending latitude and longitude.

All individuals captured were processed at the species level and were measured to the
nearest millimeter for either fork or total length according to the morphology of the
species. Most red drum were tagged and released, but a random sample was retained for
age and other biological data. Catch rates were calculated annually and expressed as an
overall catch per unit effort (CPUE), along with corresponding length class
distributions. The overall CPUE provides a relative index of abundance showing
availability of red drum to the study. The overall CPUE was defined as the number of
red drum captured per sample. Longline sets, were standardized to 100 hooks set at 15
m intervals for 30 minutes (measured as time elapsed from last hook set to first hook
fished).

5.2.6.2 Sampling Intensity — time series

Continuous standardized sampling since 2007. Sampling intensity includes 72 stratified
random sets per year taken over a 12 week period from mid-July to mid-October. All
samples taken with protocol for stratified random sample design.
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5.2.6.3 Size/Age data
Red drum captured in the longline survey ranged from 25 to 49 inches fork length (Figure
5.10.26). The annual length frequency distribution showed little variation. The majority
of the captured fish ranged from 36 to 45 inches fork length. Ages of sampled fish
ranged from 3 to 43 years of age (Table 5.9.18).

5.2.6.4 Catch Rates — Number and Biomass

Catch per unit effort by year for 2007 through 2013 are vary little with no apparent trend
(Table 5.9.19).

5.2.6.5 Uncertainty and Measures of Precision

Standard errors and variances were presented for the annual estimates of CPUE (Table
5.9.19). Apparent coefficients of variation was relatively low, <20, for most years.

5.2.6.6 Comments on Adequacy for assessment
The group recommended using this survey as an indicator of adult abundance.

5.4  Fishery-Dependent Indices

5.4.1 MRFSS/MRIP total catch rates

Indices of relative abundance were developed from MREFSS and MRIP recreational
intercepts for each state from North Virginia south through Florida and a composites for
the northern (North Carolina north) and southern stocks (South Carolina through
Florida).

Separate indices were estimated for each state and for the composite sample of
interviews within the stock region. MRFSS intercepts were used for the period of 1981-
2003, while MRIP was used for 2004-2013 to develop criteria for choosing fishing trips
categorized as trips that had caught species associated with red drum (defined as red
drum fishing trips). Only those data for the years from 1991-2013 were used for the
estimating standardized total catch per trip because before 1991 interviews done on
multiple individuals from the same trip could not be assigned to the same trip.
Additional details can be found in working paper SEDAR44-DW12.

5.4.2 Identification of Appropriate Survey Samples

This analysis included selected inland fishing trips made using hook-and-line gear.
Fishing trips that were deemed appropriate for measuring subadult red drum abundance
trends were identified using a cluster analysis. By identifying those trips that caught
associated species but failed to catch red drum, one can infer zero-catch trips that were
appropriate to include in the analysis (Stephens and MacCall 2004).  Affinity
propagation clustering (APC) was chosen to determine associated species, because it has
been shown to perform well relative to other cluster techniques and does not require that
the number of cluster be pre-specified (Frey and Dueck 2007). APC automatically
chooses an optimal number of clusters in the dataset, thereby providing an objective
criterion for which to group associated species. To conduct the cluster analysis, the data
were first filtered to remove all uncommon species that occurred on only a small
proportion (<1.0%) of the total fishing trips made in a given state. The APC procedure
was then applied using the Morisita measure of similarity, since this measure is
recommended for count data and is insensitive to sample sizes (Krebs 1999). Once the

associated species within the red drum cluster were identified for each state, all trips on
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which red drum of these associated species were caught were used as representative

trips in the subsequent analyses. The APC technique was done in R 3.0.1 (R Core Team
2013) using the apcluster package (Bodenhofer et al. 2011).

5.4.3 Standardization Model

Standardized indices of abundance were calculated using a generalized linear modeling
procedure that combined the analysis of the binomial information on presence/absence
with the lognormal-distributed positive catch data (also known as two-part, hurdle, or
zero-adjusted models, Zuur et al. 2009) as:

Iy = CyDy [1]

where c,, are estimated annual mean CPUES of non-zero catches modeled as lognormal
distributions and p,, are estimated annual mean probabilities of capture modeled as
binomial distributions. The lognormal submodel considers only trips in which a red
drum was caught (i.e., non-zero catches). The binomial model considers all trips in
which red drum or associated species were caught. To determine the most appropriate
submodels, categorical variables (2-month wave, mode of fishing, area fished, time
period of day, angler avidity, and state [in multi-state models]) and covariates (hours
fished and number of anglers on trip) were sequentially added to a null model which
included year. The factor resulting in the largest decline in deviance per degree of
freedom (dev/df) was added to the model for the next step in the evaluation if the dev/df
was reduced by at least 0.5% of the base model dev/df. We assume that there were no
significant interaction terms with year in this model and consider only the main effects.
The final year-specific marginal means estimates and standard errors of the two sub-
models were used to generate distributions of estimates for each sub-model from a
Monte Carlo simulation (5000 Student’s t distributed realizations). The product of these
distributions (eq. 1) provided an estimate of the median catch rate with year-specific
variability.

5.4.4 Catch Rates — number and biomass

The APC technique was performed separately for each state but in all states fishing trips
where two species, spotted seatrout and southern flounder, were caught clustered with
trips catching red drum. Of the 18 commonly caught inshore species in east Florida, five
clusters were delineated by APC with three species in the cluster occupied by red drum
(Table 5.9.20). In Georgia, trips where five of the twelve common inshore species were
caught were categorized as trips with the potential to catch red drum. In North and
South Carolina, three species were associated with trips that reported red drum catches
(Table 5.9.20).

Standardized indices of abundance were developed for Florida, Georgia, South
Carolina, North Carolina, and Virginia. Diagnostics for the model components of the
combined south (FL-SC) and north (NC-VA) regions are shown in Table 5.9.21 and
Figures. 5.10.27 and 5.10.28. Within each region the state-specific trends in catch rate
were quite similar so the combined regional models were used for the assessment. In the
northern model, significant factors were: binomial model, fishing mode, wave, area, and
hours fished; lognormal, fishing mode, wave, hours fished, avidity, and number of
anglers. In the southern region the significant factors accounted for were: binomial,
fishing mode, wave, hours fished, state, avidity, and area fished; lognormal, , fishing
mode, wave, hours fished, state, avidity, area fished, number of anglers, and time period
of day.
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The standardized trip catch rates show fluctuations in the South but with an overall

increase between 1991 and 2013. Significant peaks occurred in 1995 and 2010. In the
northern region, there was also a general increase over the time period with peak catch
rates in 2002 and 2012 and significant lows in 1996, 2003-4, and 2011.

5.4.4.1 Uncertainty and Measures of Precision

The distribution of the total catch rates were generated using a Monte Carlo simulation
using of the estimated annual least square means and their asymtotic standard errors,
backtransforming into the arithmetic scale. Generally less precision is seen in the higher
catch rate estimates.
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5.6 Tables

Table 5.6.1(a).Evaluation information and ultimate decision for including or excluding index
options for the northern stock. See the survey description section for additional details on

Atlantic Red Drum

surveys used to develop indices of abundance accepted for the assessment.

Data Source Include in Pros Cons Justification for
Assessment Inclusion/Exclusion
MD Coastal Bays | N ~rarely ~Red drum rarely encountered
Seine Survey encounters red | ~does not provide 5 consistent
drum (27 red years of red drum captures
drum over ~Northern extreme of stock
entire time range
series)
MD Striped Bass | N ~consistently | ~rarely ~Red drum rarely encountered
Seine Survey sampled encounters red | ~does not provide 5 consistent
methodology | drum (22 red years of red drum captures
for 22 fixed drum over ~Northern extreme of stock
stations entire time range
series)
~designed to
sample YOY
striped bass
(may not be
red drum
nursery
habitats)
MD Charter Boat | N ~better ~small sample | ~Northern extreme of stock
Logbooks estimate of size range
recreational ~no length or ~No size data
fishing for red | age data ~difficulty determining which
drum in MD ~difficulty trips are targeting red drum and
than MRIP; determining selecting zero catch trips
many years which trips are | informative of red drum
where MRIP targeting red abundance
estimates no drum
recreational ~changes in
catch, when regulations
logbooks bias index,
indicate catchability
contrary changes
results
VA Citation N ~potential ~only one ~only one citation recorded
Program coverage of citation regardless of the number of
little known recorded trophy fish registered

adult relative
abundance

regardless of
the number of
trophy fish
registered

~no records of zero catch effort
~difficulty defining unit of effort

VIMS Longline | N
Survey

~small sample
size

~does not correspond with NC
longline survey
~red drum rarely encountered
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VIMS Trawl N ~small sample | ~does not correspond with NC
Survey size, seine survey

inconsistent ~red drum rarely encountered
encounters
throughout
station history
NEAMAP N ~small sample | ~red drum rarely encountered
size and short
time series
ChesMMAP N ~small sample | ~red drum rarely encountered
size ~does not provide 5 consistent
years of red drum captures
MRFSS/MRIP N ~smaller ~use aggregate MRFSS/MRIP
VA spatial scale index due to greater spatial
relative to coverage
aggregate
MRFSS/MRIP
index
NC Trip Ticket N ~large number | ~changes in ~changes in regulations bias
of regulations index, catchability changes
observations bias index, ~bycatch species, not targeted
catchability effort
changes
~difficulty
determining
which trips are
targeting red
drum
NC Citation N ~potential ~changes in ~changes in popularity of red
Program coverage of popularity of drum fishing and angler-defined
little known red drum trophy sizes
adult relative | fishing and ~no records of zero catch effort
abundance angler-defined | ~difficulty defining unit of effort
trophy sizes
NC Juvenile Y ~consistently | ~Hurricane ~consistent sampling
Seine Survey sampled effects in 1996 | methodology for long time series
methodology | ~possible ~corresponds with NC gill net
for 21 fixed changes in survey and commercial landings
stations fixed station
chosen based | habitats during
on historic extreme
relative climatic events
abundance
work
~all fish are
YOY based on
survey time
and size
~fair
agreement
with IGNS
based on
correlation
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NC Age 1 Gill Y ~stratified ~started a s a ~corresponds with NC seine
Net - Pamlico random survey | disease survey and commercial landings
Sound design using sampling ~longer time series by dropping

gill nets of survey and river samples - river samples

various mesh | dropped in have minimal effect on trend

sizes river areas

~continuous during 2001-

sampling in 2002

Pamlico

Sound since

2001
NC Age 1 Gill N ~stratified shorter time ~would drop two years of data
Net - Rivers random survey | series from sound sampling and has

design using minimal effect on trend

gill nets of

various mesh

sizes

~continuous

sampling in

rivers since

2003

~correlated

with Pamlico

Sound IGNS
NC Age 1 Gill N shorter time ~would drop two years of data
Net - Pamlico series from sound sampling and has
Sound and Rivers minimal effect on trend
Combined
NC Age 2 Gill Y ~stratified ~started a s a ~corresponds with NC seine
Net - Pamlico random survey | disease survey and commercial landings
Sound design using sampling ~longer time series by dropping

gill nets of survey and river samples - river samples

various mesh | dropped in have minimal effect on trend

sizes river areas

~continuous during 2001-

sampling in 2003

Pamlico

Sound since

2001
NC Age 2 Gill N ~stratified shorter time ~would drop two years of data
Net - Rivers random survey | series from sound sampling and has

design using minimal effect on trend

gill nets of

various mesh

sizes

~continuous

sampling in

rivers since

2003

~correlated

with Pamlico

Sound IGNS
NC Age 2 Gill N shorter time ~would drop two years of data
Net - Pamlico series from sound sampling and has
Sound and Rivers minimal effect on trend
Combined
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NC Aggregate N ~avoids ~length cutoffs for the ages
Gill Net - uncertainty regularly encountered by the
Pamlico Sound introduced survey are very clear
from ad hoc
age
disaggregation
NC Southern Gill | N ~increases ~inconsistent ~does not have 5 years of data
Net Survey geographical sampling collected with consistent
coverage for methodology methodology
southern NC (soak times
changed)
~does not have
five years of
consistent data
NC Longline Y ~good ~short time ~only index reliably tracking
Survey precision and | series mature, adult fish
consistent ~stable index as expected for an
catches; only aggregate index tracking many
adult survey year classes
for northern
stock
MRFSS/MRIP N ~smaller ~use aggregate MRFSS/MRIP
NC spatial scale index due to greater spatial
relative to coverage
aggregate
MRFSS/MRIP
index
MRFSS/MRIP Y ~large spatial | ~relies on ~Large spatial coverage
Aggregate coverage, angler ~Long time series
consistent volunteered ~Corresponds with state-specific
design. data, MRIP indices
sometimes

unseen catch
id.

Table 5.6.1(b). Evaluation information and ultimate decision for including or excluding index
options for the southern stock. See the survey description section for additional details on

surveys used to develop indices of abundance accepted for the assessment.

Data Source Include in Pros Cons Justification for
Assessment Inclusion/Exclusion
SC Stop Net - Y ~prior to mid- | ~discontinued | ~Corresponds with other inshore
Age 1 1990s major after mid 1990s | surveys and age composition of
indicator of ~not used in longline survey (see Arnott et al
relative assessment 2010)
abundance in | previous to ~Provides historical information
SC SEDAR 18 on abundance
SC Trammel Net | Y ~Longer time series than
-Age 1l electroshock age-1 survey
~Corresponds with other inshore
surveys and age composition of
longline survey (see Arnott et al
2010)
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SC Trammel Net | Y
-Age?2

~Age specific due to ageing
methods (lengths for ages 0-2,
scales for age 3+)

~Corresponds with other inshore
surveys and age composition of
longline survey (see Arnott et al
2010)

SC Trammel Net | N
- Ages 2-5

~Age 3+ aged with scales, not
confident in age data for older
ages

SC Trammel Net | N
Aggregate

~stratified
random
sampling
design
ranging
throughout
most major
SC estuaries
~CPUE trends
across strata
agree

~later age-1
survey that
corresponds
only somewhat
with
electroshock
survey
~overall CPUE
must be
adjusted to
exclude
contributions
from stocked
fish

~Age 3+ aged with scales, not
confident in age data for older
ages

SC Electroshock | N
-Agel

~five strata
sampled
randomly
~good
agreement
with SC
trammel net
survey

~limited to low
salinity areas
where electro-
shocking is
effective

~Shorter time series than
trammel survey

~Same signal as trammel net
survey

SC Rotenone - N
Age 1

~Corresponds
with other
inshore
surveys and
age
composition
of longline
survey (see
Arnott et al
2010)
~Provides
historical
information
on abundance

~Nonrandom
sampling

~Nonrandom sampling

~Same signal as stop net survey
~Higher CVs than stop net
survey

SC Longline Y
Survey 1 mile

~apparent
CVs for mean
catch rate is
often low
~long time
series

~potential
sampling
complications
since this was
modified from
a shark survey
~some
potential
difficulty in
determining

~Provides only historical
information on abundance of
mature, adult fish

SEDAR 44 SAR Section |

151




Data Workshop Report Atlantic Red Drum
adult
contribution to
the total catch
rate since some
selectivity in
sampling for
age
SC Longline Y ~Provides information on
Survey 1/3 mile abundance of mature, adult fish
SC Charter N No associated | ~No size composition data
Logbook size data
SC SFS N ~Repetitive with MRFSS/MRIP
survey, reduced spatial scale
MRFSS/MRIP N ~smaller spatial | ~use aggregate MRFSS/MRIP
SC scale relative to | index due to greater spatial
aggregate coverage
MRFSS/MRIP
index
GA Age 1 Gill N ~consistent ~complex ~Limited spatial coverage
Net Survey (13 sampling hybrid random
SEDAR Sites) methodology | stratified
for 13 fixed survey with
stations underlying
complex
probability
model
GA Age 1 Gill Y ~Builds on SEDAR
Net Survey (All recommendations from last
Sampling Sites) assessment
~Larger spatial coverage than 13
SEDAR sites
GA Longline Y ~Catches few ~Provides information on
red drum, abundance of mature, adult fish
spatially
limited (only
lower Ga. &
only 10 stations
in NE FL)
MRFSS/MRIP N ~smaller spatial | ~use aggregate MRFSS/MRIP
GA scale relative to | index due to greater spatial
aggregate coverage
MRFSS/MRIP
index
Aggregate FL. N ~stratified ~length cutoffs for the ages
Haul Seine random regularly encountered by the
Survey survey with survey are very clear
large number
of sets made
each year
~complete
time series
Age 1 FL Haul N ~stratified ~not fully selected by the survey
Seine Survey random gear
survey with
large number
of sets made
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each year

~complete

time series
Age 2 FL Haul Y ~stratified ~commonly encounters red drum
Seine Survey random with consistent methodology

survey with
large number
of sets made

each year

~complete

time series
Age 3 FL Haul Y ~stratified ~commonly encounters red drum
Seine Survey random with consistent methodology

survey with
large number
of sets made

each year
~complete
time series
FL Coastwide N ~consistent ~does not ~Concerns with the Indian River
Bagged Seine SR sampling | reflect final system being isolated from the
Survey design since year-class rest of the southern stock and not
1997 in IR strength (highly | reflective of stock conditions
Lagoon variable ~Other ecological concerns
~at least 100 | survival at affecting red drum in the Indian
sets made <40mm) River system
each year ~areal coverage
small relative
to stock unit
~St. John's
River/Nassau
Sound
sampling
started in 2001
FL Jacksonville Y ~relatively ~not a long ~Corresponds with other indices
Bagged Seine consistent time series
Survey survey design
FL Indian River | N ~large seagrass | ~Concerns with the Indian River
Bagged Seine die-offs, algae | system being isolated from the
Survey blooms and rest of the southern stock and not
other events reflective of stock conditions
that have ~Other ecological concerns
affected the affecting red drum in the Indian
Indian River River system
Lagoon
populations of
fish and gear
collection
efficiency

MRFSS/MRIP N
FL

~smaller spatial
scale relative to

aggregate
MRFSS/MRIP
index

~use aggregate MRFSS/MRIP
index due to greater spatial
coverage
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MRFSS/MRIP Y
Aggregate

~large spatial
coverage,
consistent
design.

~relies on
angler
volunteered
data,
sometimes
unseen catch
id.

~Large spatial coverage
~Long time series
~Corresponds with other indices
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Table 5.6.2. Deviance table for the lognormal and binomial components of the Florida young-
of-the-year relative abundance model. The null model with year as a predictor is listed as step
0, and subsequent steps list the most predictive factors.

Binomial model

Step Variable Devchng Resid. Df  Resid. Dev AIC Percent reduction
0 year 2,650 1438.67  1462.67

1 month 137.72 2,644 1300.95  1336.95 9.37

2 bay zone 102.13 2,641 1198.82  1240.82 7.02

3 bottom 15.44 2,640 1183.37  1227.37 1.05

Lognormal model

Step Variable Devchng Resid. Df  Resid. Dev AIC Percent reduction
0 year 199 146.90 548.39

1 bay zone 4.66 196 14223 547.58 1.69

2 shore type 2.93 195 139.30 545.18 1.53
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Table 5.6.3. Standardized index of abundance from the Florida seine young-of-the-year
model.

Year | Total num trips Num pos Mean Std dev CV

2002 208 14 0.0441 0.0223 0.5047
2003 216 19 0.0988 0.0438 0.4433
2004 224 17 0.0932 0.0452 0.4850
2005 224 14 0.0377 0.0199 0.5267
2006 224 5 0.0112 0.0100 0.8970
2007 224 16 0.0711 0.0346 0.4870
2008 224 20 0.0791 0.0354 0.4475
2009 224 22 0.0563 0.0243 0.4317
2010 224 27 0.0799 0.0316 0.3948
2011 224 9 0.0243 0.0160 0.6579
2012 222 17 0.0504 0.0240 0.4756
2013 224 31 0.2153 0.0778 0.3616
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Table 5.6.4 Number of collections taken per year at different sites by the SCDNR stop net
survey.

Number of Collections Sites -7

Year " 0001 0039 0041 0063 0086 0198 0270 0275 0340 Grand Total
1985 1 1
1986 6 6
1987 14 1 1 16
1988 13 1 14
1989 13 5 4 1 1 1 2 27
1990 12 7 1 20
1991 13 4 17
1992 13 4 17
1993 12 5 17
1994 9 2 11
1995 1 1
1996 1 1

1998 1 1
Grand Total 109 1 1 6 4 1 24 1 3 150

SEDAR 44 SAR Section | 112



Data Workshop Report

Atlantic Red Drum

Table 5.6.5 Arithmetic mean CPUE of age 1 red drum in the SCDNR stop net survey
during July-December. (Age assignment assumes a Jan 1 transition).

SITE 0001 (Grice Cove, Charleston Harbor, SC)

YEARCLASS SampleYear Catch.ArithMean SD Sets SE PSE(%)
1985 1986 43.60 29.17 5 13.04 29.92
1986 1987 105.00 45.67 6 18.64 17.76
1987 1988 62.83 24.85 6 10.14 16.14
1988 1989 56.17 42.46 6 1733 30.86
1989 1990 56.33 71.40 6 29.15 51.74
1990 1991 82.57 53.44 7 20.20 24.46
1991 1992 54.83 20.76 6 8.48 15.46
1992 1993 36.50 12.72 6 5.19 14.23
1993 1994 43.67 16.77 3 9.68 22.18

SITE 0270 (Bulls Island, Bulls Bay, SC)

YEARCILASS SampleYear Catch.ArithMean SD Sets SE PSE(%)
1989 1990 48.00 62.00 3 35.80 74.57
1990 1991 78.00 73.54 2 52.00 66.67
1991 1992 21.50 7.78 2 550 25.58
1992 1993 17.67 17.50 3 10.11 57.20

SEDAR 44 SAR Section | 113



Data Workshop Report Atlantic Red Drum

Table 5.6.6. Annual arithmetic and geometric mean CPUEs and percent positive sets for age-
1 red drum captured during Georgia’s gillnet survey (2003-2013).

- Sites
YEAR GEOMETRIC IE}I(E:()I I(J}]E::OI C.V. Arithmetic iri; I/ir?ttf A(rjl?}ll Total Freq. S;T I:;erl CV Ratio  for
MEAN  MEan MEAN BOSU Mean o Mean  Mean TSP 09U g Nep gep EStImate \;V;clihrt

2003 1.2429 0.7659  1.8487 14.8  2.9586 1.1186  4.7987 31.1 225 48 84 2.6786 22.46 110
2004 1.0567 0.6882  1.5055 13.69 2.1472 1.2067  3.0876 21.9 214 58 115 1.8609 20.15 131

2005 1.4002 1.0384  1.8262 9.33  2.5453 1.8067 3.284 14.51 331 73 128 2.5859 15.89 131
2006 0.6271 0.4488 0.8273 11.92 1.0894 0.7469 1.4318 15.72 136 54 123 1.1057 15.48 131
2007 0.9409 0.6684 1.2579 11.41 1.8966 1.1657  2.6276 19.27 206 55 105 1.9619 19.67 131
2008 1.4373 1.0819 1.8532 8.84 3.2724 1.9712  4.5736 19.88 496 84 137 3.6204 24.11 131
2009 0.8243 0.6207 1.0534 9.84 2.1126 1.0809  3.1442 24.42 404 92 216 1.8704 21.76 131
2010 1.5454 1.1991 1.9461 7.83  4.3827 2.943 5.8224 1642 826 112 216 3.8241 15.92 131
2011 0.6132 0.4611 0.7812 10.36  1.2689 0.8231 1.7148 17.57 254 82 216 1.1759 15.86 131
2012 0.4095 0.2838 0.5475 13.61 0.9764 0.5412 1.4117 2229 182 56 216 0.8426 21.06 131
2013 0.5554 0.4029 0.7246 11.69 1.2846 0.7755 1.7938 19.82 254 79 216 1.1759 18.18 131
2014 0.7171 0.5088  0.9541 11.96 2.3468 1.3195  3.3741 21.89 434 77 216 2.0093 21.24 131
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Table 5.6.7. Annual arithmetic mean or geometric mean CPUE for YOY red drum

captured during the North Carolina seine survey 1991 - 2013.

Year N CPUE Ici uci SE MIN MAX SUM CV
1991 105 15.12 10.85 19.40 2.182 0 122 1588 0.144
1992 116 3.71 1.48 5.93 1.135 0 125 430  0.306
1993 117 12.65 8.30 17.00 2.217 0 130 1480 0.175
1994 93 8.29 3.56 13.02 2412 0 180 771 0.291
1995 119 4.61 3.19 6.03 0.724 0 44 549 0.157
1996 104 2.63 1.70 3.55 0.472 0 32 273 0.180
1997 126 13.13 7.10 19.15 3.074 0 236 1654 0.234
1998 124 8.23 6.03 10.42 1.121 0 85 1020  0.136
1999 98 1.84 1.02 2.65 0.415 0 29 180  0.226
2000 123 3.14 2.01 4.27 0.576 0 38 386  0.184
2001 122 0.97 0.60 1.34 0.188 0 11 118  0.194
2002 120 2.23 1.20 3.27 0.528 0 39 268  0.236
2003 120 5.01 2.60 7.42 1.231 0 113 601  0.246
2004 120 8.32 6.10 10.54 1.133 0 75 998  0.136
2005 120 9.02 6.26 11.77 1.404 0 80 1082 0.156
2006 120 3.44 2.02 4.86 0.726 0 63 413 0.211
2007 119 5.46 248 8.44 1.521 0 149 650 0.278
2008 120 1.58 0.99 2.17 0.301 0 23 190 0.190
2009 120 1.89 0.60 3.19 0.661 0 74 227 0.349
2010 120 4.69 2.79 6.59 0.968 0 74 563 0.206
2011 116 10.82 4.40 17.24 3.276 0 344 1255 0.303
2012 120 2.69 1.30 4.09 0.712 0 65 323 0.264
2013 120 1.11 0.52 1.70 0.302 0 23 133 0.272
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Table 5.6.8. Deviance table for the lognormal and binomial components of the Florida
haul-seine relative abundance model for age-1 and -2 red drum. The null model with
year as a predictor is listed as step 0, and subsequent steps list the most predictive

factors.
Binomial model
Step Variable Devchng  Resid. Df  Resid. Dev AIC Percent reduction
0 Year-age 11,156 12,603.93 12,705.93
1 bayzone  1,153.89 11,149  11,450.04 11,566.04 9.10
2 trimester 799.42 11,147 10,650.62 10,770.62 6.33
3 salinity 108.91 11,146 10,541.71 10,663.71 0.86
Lognormal model
Step Variable Devchng  Resid. Df  Resid. Dev AIC Percent reduction
0 Year-age 2,903 1,344.88  6,162.73
1 bay zone 19.01 2,896 1,325.88  6,134.68 1.17
2 trimester 7.76 2,894 1,318.12 6,121.35 0.51
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Table 5.6.9. Standardized index of abundance from the Florida haul seine survey catch
rate model for (second full) calendar age-1 red drum.

Year Total num Num pos | Mean Std dev CV
1997 146 39 0.0081 0.0020 0.2450
1998 143 51 0.0113 0.0024 0.2151
1999 142 45 0.0067 0.0016 0.2319
2000 158 62 0.0102 0.0020 0.1972
2001 151 45 0.0064 0.0015 0.2355
2002 260 70 0.0100 0.0017 0.1750
2003 258 62 0.0080 0.0015 0.1873
2004 251 82 0.0123 0.0020 0.1603
2005 276 100 0.0143 0.0020 0.1418
2006 275 77 0.0110 0.0018 0.1666
2007 288 108 0.0137 0.0019 0.1403
2008 263 83 0.0131 0.0021 0.1592
2009 264 76 0.0097 0.0017 0.1715
2010 258 75 0.0101 0.0017 0.1706
2011 278 77 0.0092 0.0015 0.1659
2012 289 87 0.0113 0.0018 0.1622
2013 253 63 0.0080 0.0015 0.1855
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Table 5.6.10. Standardized index of abundance from the Florida haul seine survey catch rate
model for (third full) calendar age-2 red drum.

Year Total num Num pos  Mean Std dev CV
1997 138 31 0.0058 0.0016 0.2700
1998 133 41 0.0095 0.0023 0.2447
1999 128 31 0.0052 0.0015 0.2835
2000 127 31 0.0057 0.0016 0.2836
2001 151 45 0.0073 0.0017 0.2354
2002 243 53 0.0072 0.0015 0.2057
2003 248 52 0.0078 0.0016 0.2097
2004 230 61 0.0088 0.0017 0.1895
2005 215 39 0.0049 0.0012 0.2487
2006 246 48 0.0075 0.0016 0.2122
2007 215 35 0.0052 0.0013 0.2511
2008 223 43 0.0061 0.0014 0.2284
2009 217 29 0.0043 0.0012 0.2796
2010 228 45 0.0053 0.0012 0.2222
2011 236 35 0.0049 0.0013 0.2613
2012 233 31 0.0041 0.0011 0.2708
2013 214 24 0.0039 0.0012 0.3085
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Table 5.6.11. Biological sampling of red drum caught by the SCDNR trammel net survey. Aging is performed
either using otoliths (O), scales (S) or by length (L, for distinct cohort sizes).

| Year | Sex |Maturity| Weightl Age O | Age_ S | Age L

1987 - - - - - 28
1988 - - - - 5 6
1990 - - - - 9 94
1991 26 24 33 21 211 604
1992 80 79 97 57 605 1,092
1993 238 236 297 187 1,249 1,061
1994 181 186 200 38 1,404 1,243
1995 133 123 141 76 1,412 1,216
1996 100 96 103 46 1,925 1,029
1997 111 111 109 65 1,724 1,259
1998 71 71 70 26 1,383 926
1999 62 62 58 22 1,373 942
2000 52 52 53 17 1,040 598
2001 195 191 191 24 1,396 1,743
2002 172 168 173 25 1,253 2,409
2003 210 207 211 90 2,507 2,384
2004 240 229 231 105 3,071 1,659
2005 84 81 80 65 2,971 906
2006 43 43 43 37 438 723
2007 43 42 43 33 1,203
2008 67 65 65 51 1,754
2009 182 179 180 106 1,884
2010 102 102 109 76 2,313
2011 105 99 101 96 1,272
2012 72 72 71 67 1,000
2013 62 59 60 901

Total 2,631 2,577 2,719 1,330 27,116 30,249
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Table 5.6.12. Estimates of the percent contribution of stocked red drum in South Carolina from different year
classes and in different trammel net strata. Abbreviations of present-day strata: AB ACE Basin, AR Ashley
River, CH Charleston Harbor, LW Lower Wando River, MB Muddy & Bulls Bays, RH Romain Harbor, WB

Winyah Bay.

Year Year

Class  Sampling AB AR CH LW MB RH WB
1990 1991 12.5

1991 1992 1.8

1992 1993 23

1993 1994

1994 1995

1995 1996 14 1.8

1996 1997

1997 1998

1998 1999

1999 2000 90.0 31.0 15.0

2000 2001 35.6 6.7 13.5

2001 2002 29.0 1.6 2.0

2002 2003 0.0 0.0 0.0

2003 2004

2004 2005

2005 2006 13.6 3.1 3.2 0.0 35.3
2006 2007 0.0 0.0 0.0

2007 2008 30.2 3.8 2.0 14.7
2008 2009 29.9 0.8 0.0 16.1
2009 2010 76.0 94 3.1

2010 2011 44.0 13.1 56.3

2011 2012

2012 2013
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Table 5.6.13. Indices of abundance for wild-spawned age 1 red drum in the SCDNR trammel net survey during
the months July-December. Data are from the ACE Basin, Charleston Harbor, Wando River, Muddy & Bulls
Bays and Cape Romain strata, which were all surveyed from 1994 through 2013.

Positive
Sampling Catch Nominal Total
Year Sets Sets CPUE SE PSE Catch
1994 182 70 1.962 0418 21.3% 357
1995 231 102 2.840 0456 16.1% 656
1996 242 78 1.262 0.222 17.6% 305
1997 311 116 2.267 0.575 25.4% 705
1998 300 82 1.180 0.219 18.5% 354
1999 317 102 1.271 0.206 16.2% 403
2000 292 74 0.542 0.075 13.9% 158
2001 299 161 3503 0474 13.5% 1047
2002 278 138 2.856 0.334 11.7% 793
2003 286 157 3.965 0.516 13.0% 1134
2004 313 104 1.633 0.312 19.1% 511
2005 291 114 1.344  0.171 12.7% 391
2006 282 81 0.952 0.140 14.7% 268
2007 294 136 2.153 0.292 13.6% 633
2008 279 137 2456 0.342 13.9% 685
2009 283 140 2.756 0.384 13.9% 780
2010 310 175 3.630 0404 11.1% 1125
2011 298 105 1.307 0.217 16.6% 389
2012 301 94 1.086 0.153 14.1% 327
2013 271 99 1.391 0.192 13.8% 377
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Table 5.6.14. Indices of abundance for age 2 red drum in the SCDNR trammel net survey during the
months January-December. Data are from the ACE Basin, Charleston Harbor, Wando River, Muddy &
Bulls Bays and Cape Romain strata, which were all surveyed from 1994 through 2013.

Positive
Sampling Catch  Nominal Total
Year Sets Sets CPUE SE PSE Catch
1994 328 99 1460  0.353 242% 479
1995 439 141 0.993  0.158 15.9% 436
1996 464 143 1.659 0279 16.8% 770
1997 546 148 0.678 0.106 15.6% 370
1998 601 168 0.892  0.138 15.5% 336
1999 626 166 0.635 0.116 183% 397
2000 595 157 0.697 0.096 13.8% 415
2001 586 134 0385 0.047 12.1% 226
2002 586 227 2426 0490 202% 1421
2003 582 246 1.887  0.227 12.0% 1098
2004 610 272 1.941 0216 11.1% 1184
2005 589 240 1.006 0.117 11.6% 593
2006 584 228 1.111  0.131 11.8% 649
2007 587 119 0.539  0.096 17.8% 316
2008 586 173 1.114  0.159 143% 653
2009 576 170 1.141  0.186 16.3% 657
2010 597 181 1.096  0.146 13.3% 655
2011 599 128 0.761  0.153 20.1% 456
2012 605 108 0.526  0.120 22.8% 318
2013 558 146 0385 0.050 13.1% 215
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Table 5.6.14. North Carolina Pamlico Sound IGNS CPUE (arithmetic) for red drum during 2001-
2013 (age aggregated and by age for age-1 and age-2). Note that the 2001 survey for only part of

the year.
PAMLICO SOUND AGE-AGGREGATED

Year N CPUE SE PSE

2001 237 1.56 0.31 28

2002 320 3.22 0.43 16

2003 320 1.25 0.22 26

2004 320 1.99 0.29 16

2005 304 2.76 0.41 21

2006 320 291 0.34 15

2007 320 3.19 1.02 17

2008 320 2.31 0.34 18

2009 320 4.17 1.27 17

2010 320 2.42 0.32 18

2011 300 0.45 0.07 27

2012 308 3.13 0.59 19

2013 308 6.59 1.12 24

PAMLICO SOUND AGE-1 INDEX PAMLICO SOUND AGE-2 INDEX

Year N é‘Ig,gé SE PSE Year | N élg,gé SE | PSE
2001 237 1.03 0.29 28 2001 237 0.44 0.1 23
2002 320 2.63 0.42 16 2002 320 0.55 0.12 22
2003 320 0.27 0.07 26 2003 320 0.97 0.2 21
2004 320 1.85 0.29 16 2004 320 0.06 0.02 33
2005 304 1.37 0.29 21 2005 304 1.36 0.24 18
2006 320 1.64 0.25 15 2006 320 1.21 0.22 18
2007 320 0.53 0.09 17 2007 320 2.54 0.99 39
2008 320 1.61 0.29 18 2008 320 0.61 0.15 25
2009 320 0.66 0.11 17 2009 320 3.26 1.17 36
2010 320 1.49 0.27 18 2010 320 0.64 0.12 19
2011 300 0.15 0.04 27 2011 300 0.24 0.05 21
2012 308 3.03 0.59 19 2012 308 0.01 0.01 100
2013 308 1.24 0.3 24 2013 308 5.3 1.03 19
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Table 5.6.15. Size-frequency distribution of red drum in the South Carolina Department of Natural Resources
Adult Red Drum longline survey by strata and sampling period (periods 1 and 2 combined).

Charleston Harbor | Port Royal Sound | St. Helena Sound | Winyah Bay
Sampling Period 1&2 3 1&2 3 1&2 3 1&2 3
Fork Length (mm) Total
601-650 1 1
651-700 1 2 1 5
701-750 2 1 2 1 1 1 16
751-800 9 4 2 4 4 3 17 4 47
801-850 39 12 4 0 4 10 40 5 114
851-900 42 46 8 6 10 264
901-950 34 31 594
951-1000 802
1001-1050 583
1051-1100 14 14 18 23 27 14 46 44 200
1101-1150 12 16 38
1151-1200 1 1 2
1201-1250 1
Total 310 329 234 257 318 164 760 268 2666
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Table 5.6.16. Effort data (sets and positive sets), catch, arithmetic mean (red drum/set) and associated standard
deviation (SD), standard error (SE) and coefficient of variation (CV) from the South Carolina Department of
Natural Resources Adult Red Drum Longline Survey (August-December, 1994-2006).

Year Sets Pos sets  Catch  ArithMean SD SE Cv
1994 58 26 183 3.16 5.8 0.76 1.84
1995 92 47 294 3.2 4.45 0.46 1.39
1996 112 66 325 2.92 6.08 0.57 2.08
1997 105 47 121 1.15 1.99 0.19 1.73
1998 114 60 219 1.92 3.62 0.34 1.89
1999 102 75 274 2.69 2.93 0.29 1.09
2000 89 51 182 2.04 3.79 0.4 1.86
2001 93 65 237 2.57 3.31 0.34 1.29
2002 91 71 380 4.18 5.47 0.57 1.31
2003 100 80 439 4.39 4.5 0.45 1.03
2004 87 56 256 2.94 3.58 0.38 1.22
2005 73 54 236 3.23 3.33 0.39 1.03
2006 52 32 99 1.9 2.12 0.31 1.12
Total 1168 730 3258
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Table 5.6.17. Arithmetic mean (catch per unit effort) of red drum by year in the South Carolina
Department of Natural Resources Adult Red Drum Longline Survey (2007-2013). Mean, standard
deviation (SD) number of sets, number of positive sets, standard error (SE) and coefficient of
variation (CV) by year are presented.

Year CPUE SD Sets Positive Sets SE CcvV
2007 0.62 1.92 184 42 0.14 3.10
2008 0.66 1.59 209 55 0.11 2.41
2009 1.35 3.54 233 79 0.23 2.62
2010 1.21 2.81 354 125 0.15 2.32
2011 1.12 2.29 360 143 0.12 2.04
2012 1.85 341 358 157 0.18 1.84
2013 1.76 3.08 356 160 0.16 1.75
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Table 5.6.18. Age frequency from the North Carolina longline survey for red drum

collected from stratified random samples from 2007-2013.

Age 2007 2008 2009 2010 2011 2012 2013 | Total
3 4 1 1 6
4 4 2 6 3 15
5 2 1 10 5 1 2 21
6 1 1 7 2 2 13
7 2 2 3 2 9
8 3 2 2 2 9 18
9 1 2 1 2 1 7
10 3 2 5
11 1 2 2 4 9
12 2 1 1 4 8
13 1 3 12
14 5 4 1 10
15 1 2 3 7 13
16 1 1 1 1 4
17 1 1 1 1 2 6
18 4 3 1 10
19 2 2 4 1 9
20 1 1 2 1 1 7 13
21 4 3 3 10
22 8 2 2 3 1 16
23 4 1 2 7
24 4 1 1 1 2 10
25 2 2 4
26 2 1 9 2 14
27 9 1 1 3 3 17
28 1 1 2 1 5
29 16 2 3 1 2 1 25
30 2 1 5 9
31 1 3 1 2 2 9
32 1 3 2 2 1 9
33 6 2 8
34 9 1 4 14
35 3 3 1 6 13
36 3 1 4
37 1 1 2 1 3 1 9
38 1 2 3 6
39 5 5
40 1 5 6
41 2 2
43 1 1
All 88 26 33 41 71 67 65 391
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Table 5.6.19. NC red drum longline survey results for 2007-2013 based on random sets.

Atlantic Red Drum

Descriptive Statistics 2007 2008 2009 2010 2011 2012 2013 2014
Mean per set (CPUE) 5.68 3.79 5.97 5.56 5.64 5.22 4.94 4.47
Standard Error 0925 0.677 1.082 1.142 1.000 0930 0.777 0.634
CcvV 0.163 0.179 0.181 0206 0.177 0.178 0.157 0.142
Minimum in set 0 0 0 0 0 0 0 0
Maximum in set 42 28 36 53 35 44 29 31
# red drum captured 403 273 418 400 406 376 356 322
% Positive Sets 68% 61% 63% 57% 61% 69% 68% 78%
# sets made 71 72 70 72 72 72 72 72
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Atlantic Red Drum

Table 5.6.20. Species clusters used to select those trips where a red drum was likely to occur.

Florida East Georgia South Carolina North Carolina Virginia

SPOTTED SEATROUT SILVER PERCH SPOTTED SEATROUT STRIPED BASS SPOTTED SEATROUT
SOUTHERN FLOUNDER SPOTTED SEATROUT SOUTHERN FLOUNDER SPOTTED SEATROUT RED DRUM

BLACK DRUM SOUTHERN FLOUNDER BLACK DRUM RED DRUM

RED DRUM BLUEFISH RED DRUM SOUTHERN FLOUNDER

RED DRUM
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Table 5.6.21. Standardized total catch rates per angler-hour for anglers. The number of
observations made each year, N, and number with positive catches for red drum are
given.

Northern region

Total num
Year sets Num positive Mean std.dev CV
1991 631 153 0414 0.0560 0.135
1992 371 91 0.329 0.0567 0.172
1993 521 184 0.525 0.0649 0.124
1994 833 178 0.270 0.0341 0.126
1995 1,111 410 0.504 0.0440 0.087
1996 890 161 0.190 0.0261 0.138
1997 969 285 0.514 0.0531 0.103
1998 1,045 452 0.709 0.0574 0.081
1999 917 408 0.733 0.0614 0.084
2000 788 291 0.488 0.0491 0.101
2001 765 237 0.491 0.0536 0.109
2002 1,155 648 1.219 0.0844 0.069
2003 669 126 0.275 0.0410 0.149
2004 1,075 229 0.288 0.0327 0.114
2005 836 228 0.536 0.0585 0.109
2006 1,013 345 0.662 0.0599 0.091
2007 1,155 405 0.664 0.0557 0.084
2008 1,258 545 0.802 0.0597 0.074
2009 1,059 457 0.767 0.0606 0.079
2010 1,621 700 0.727 0.0497 0.068
2011 1,617 325 0.340 0.0332 0.098
2012 2,618 1,486 1.368 0.0686 0.050
2013 1,727 840 0.910 0.0556 0.061
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Table 5.6.21.(continued) Standardized total catch rates per angler-hour for anglers. The
number of observations made each year, N, and number with positive catches for red drum are

given.
Southern Region
Total num
Year sets Num positive Mean std.dev Cv
1991 647 205 0.747 0.0642 0.086
1992 1,107 404 0.784 0.0473 0.060
1993 1,047 363 0.864 0.0536 0.062
1994 1,271 472 1.042 0.0565 0.054
1995 1,305 563 1.171 0.0566 0.048
1996 1,238 553 0.998 0.0499 0.050
1997 1,304 524 0.829 0.0432 0.052
1998 1,501 567 0.753 0.0381 0.051
1999 2,027 765 0.747 0.0328 0.044
2000 2,144 850 0.736 0.0309 0.042
2001 2,058 931 0.990 0.0394 0.040
2002 2,059 872 0.855 0.0355 0.042
2003 1,882 805 0.976 0.0409 0.042
2004 1,759 824 1.062 0.0439 0.041
2005 1,884 907 1.046 0.0410 0.039
2006 2,273 899 0.815 0.0330 0.040
2007 2,145 805 0.789 0.0338 0.043
2008 1,953 836 0.868 0.0359 0.041
2009 1,843 843 1.021 0.0417 0.041
2010 2,042 1,138 1.417 0.0489 0.034
2011 1,990 1,105 1.217 0.0415 0.034
2012 2,051 943 0.912 0.0354 0.039
2013 1,363 660 1.116 0.0503 0.045

SEDAR 44 SAR Section | 134



Data Workshop Report Atlantic Red Drum
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Figure IR05-01. Map of the Northemn Indian River Lagoon sampling area. Zones are

labeled A-F and H.

Figure 5.7.1 Caption is on following page.
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Figure TQ05-01. Map of southern Indian River Lagoon sampling area.
Zonesare |, J, and T.

Figure 5.7.1 Areas encompassing the Florida Fish and Wildlife Conservation
Commission®s Fishery Independent Monitoring Program®s stratified random surveys for
marine organisms along the Atlantic coast. Only the northeast (left) and northern Indian
River Lagoon (center) areas are sampled using 21.3 m seines that effectively catch
young-of-the-year red drum. In all three areas, including the southern Indian River
Lagoon, 183 m seines that are used. This gear is effective in capturing subadult red
drum.
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Figure 5.7.2. Distribution of a delta lognormal standardization for fall 1997 (fall 1997
through spring 1998 is labeled 1998) through spring 2013 data on the abundance for
young-of-the-year red drum on the Atlantic coast of Florida. The dash shows the median,
the box the inter-quartile range and the whiskers the 95% confidence interval. The
number of sets made are given for each year. The bottom graph shows the nominal
(point) and predicted (line and shaded 95% confidence interval) indices.
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Atlantic Red Drum
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Figure 5.7.3. Diagnostics for fit to final lognormal standardization models for positive
catch observations for young-of-the-year red drum from Florida’s fisheries-independent
monitoring dataset.. By agreement, age 1 is assumed to begin on the first January 1% of
the fish™s life, at about 2-4 months of true age.
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Figure 5.7.4. South Carolina fishery-independent sampling areas.

SEDAR 44 SAR Section | 139



Data Workshop Report Atlantic Red Drum

SCDNR Stop Net Survey: Age 1 Red Drum
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Figure 5.7.5 Arithmetic mean CPUE (£SE) of age 1 red drum in the SCDNR stop net survey
during the months Jul-Dec. (Age assignment assumes a Jan 1 transition).
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Figure 5.7.6 Jan-Dec CPUE (arithmetic mean + SE) of wild (non-stocked) age 1 red drum in
the SCDNR electrofishing net survey. (Red crosses show CPUE of wild + stocked red drum).
The ‘statewide’ panel (bottom right) is a compilation of all strata expressed as z-scores
(standard deviations from the 2002-2013 mean; statewide black line is the mean across all
strata).
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Figure 5.7.7 Jan-Dec CPUE of all red drum (arithmetic mean + SE) in the SCDNR
electrofishing survey. The ‘statewide’ panel (bottom right) is a compilation of all strata
expressed as z-scores (standard deviations from the 2002-2013 mean; statewide black line is
the mean across all strata).
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Figure 5.7.8. Altamaha stations including active and SEDAR fixed stations.
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Figure 5.7.9. Wassaw stations including active and SEDAR fixed stations.
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Figure 5.7.10. Annual SEDAR & “All Stations” arithmetic mean CPUEs for age-1 red
drum captured during Georgia’s gillnet survey (2003-2013).
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Atlantic Red Drum

TS0 TTTS TT0 773 TTA0 77028 TR0 TTMS TPNE TS 7700 76°5S 7650 76'AS' TB°40 TIS 7BTI0 7628 767200 7S 7670

7675

7600’ 7SS 7SS0 7S4S 7540 TS 7750 7828 7520

3875

35°00' |

35755

35°50' |

3545

3540

3535'

35°30' |

35725

3520'

35715

35710

250

350"

34755

34°50'

34745

3440'

34735

34°30' ]

d

e

B

2500

[Fasss

Fasesor

[Fasas

Faseane

E

fFasean

[Faseos'

X

EXE

X

—_—

e

305

fFa4sso

Ea

i

Faueas

fFa4san

R

5T T T f T T y T y T T T y y T T T T T T "
77500 77°4S 77040 77735 7730 77725 7720 775 TF0 7S 700 76°55 76750 76°4S' 76°40° 76°35 7B°30' 7625 76720 78S 78%10' 76"

=

\ T T y y T T T T
75°00' FS°SS 75°50' 7545 75740 FS'3S 75730 75725 75°20°

Red Drum Seine Survey

N

S E I Eon s
_——_——1

% s 0 s s ks
————_____——}

Figure 5.7.11. Sampling sites of the juvenile red drum survey in North Carolina.
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Figure 5.7.12. Distribution of a delta lognormal standardization for fall 1997 through
spring 2013 data on the abundance for subadult red drum on the Atlantic coast of
Florida. The dash shows the median, the box the inter-quartile range and the whiskers
the 95% confidence interval. The number of sets made are given for each year. The
bottom graph shows the nominal (point) and predicted (line and shaded 95% confidence
interval) indices.
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Figure 5.7.13 Diagnostics for fit to final lognormal standardization models for positive
catch observations for subadult red drum from Florida“s fisheries-independent monitoring

dataset.
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Figure 5.7.14. Sizes of red drum caught by the SCDNR trammel net survey. Data have
been pooled across strata and years.
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Figure 5.7.15. Monthly CPUE of red drum in the SCDNR trammel net survey (data pooled across
all years).
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Figure 5.7.16. Jul-Dec CPUE (arithmetic mean + SE) of wild (non-stocked) age 1 red drum in
the SCDNR trammel net survey. (Red crosses show CPUE of wild + stocked red drum). The
‘statewide’ panel (bottom right) is a compilation of all strata (except Colleton and Broad
Rivers) expressed as z-scores (standard deviations from the 2003-2013 mean — i.e. years in
which all seven strata have coverage; statewide black line is the mean across all strata).
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Figure 5.7.17. Jan-Dec CPUE of all red drum (arithmetic mean + SE) in the SCDNR trammel
net survey. The ‘statewide’ panel (bottom right) is a compilation of all strata (except Colleton
and Broad Rivers) expressed as z-scores (standard deviations from the 2003-2013 mean — i.e.
years in which all seven strata have coverage; statewide black line is the mean across all
strata).
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Figure 5.7.18. Jan-Dec CPUE (arithmetic mean + SE) of age 2 red drum (arithmetic mean +
SE) in the SCDNR trammel net survey. The ‘statewide’ panel (bottom right) is a compilation
of all strata expressed as z-scores (standard deviations from the 1994-2013 mean —i.e. years in
which all seven strata have coverage; statewide black line is the mean across all strata).
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Figure 5.7.19. Mean CPUE (+ se) of age land age 2 red drum in the SCDNR trammel net
survey. Data are from the ACE Basin, Charleston Harbor, Wando River, Muddy & Bulls Bays
and Cape Romain strata, which were all surveyed from 1994 through 2013.
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Figure 5.7.20. Map of Pamlico Sound and associated rivers showing the sample strata
and locations of individual samples taken in the NCDMF independent gill net survey
from 2001 to 2006.
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Figure 5.7.21.Annual weighted CPUE of age-1 and age-2 red drum caught in the North
Carolina independent gill net survey for the Pamlico Sound (PSIGNS), Rivers (RIGNS)

and PSIGN/RIGNS combined.

156



Data Workshop Report Atlantic Red Drum

.......

79°55'0°W 79'500'W 79450'W 79'400'W

Figure 5.7.22. Sampling locations for the South Carolina Department of Natural Resources Adult Red
Drum Longline Survey (1994-2006).
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Figure 5.7.23. Sampling locations for the South Carolina Department of Natural Resources Adult Red
Drum Longline Survey (2007-2013). Red dots indicate sites in continuous use since 2007, yellow sites

were added prior to the 2010 sampling season, and black dots were removed after the 2009 sampling
season.
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Figure 5.7.24. Arithmetic mean CPUE (£SE) of red drum and arithmetic mean adjusted for bait type
(£SE) captured in the South Carolina Department of Natural Resources Adult Red Drum Longline
Survey (2007-2013), data are pooled across strata, sampling periods and station designations.
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Figure 5.7.25. The random grid system and sample regions used in the North Carolina Red Drum
Longline Survey used from 2007 to 2013. The numeric value in each grid designates it to one of the
twelve regions sampled.
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Figure 5.7.26. Length frequency distribution (FL, inches) from the NC red drum longline survey
random sets from 2007-2013.
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Figure 5.7.27. Diagnostic plots from the binomial and lognormal components of the delta lognormal model used to estimate year-specific

marginal means (Ismeans) for angler total
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6. Submitted Comment

No comments were submitted.
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Stock Assessment Terms of Reference

het

a

1.

12.

If possible, identify and prepare new data that could be used to inform the assessment of
adult and/or spawning stock trends.
Characterize precision and accuracy of fishery-dependent and fishery-independent data
considered for the assessment, including the following but not limited to:
a. Provide descriptions of each data source (e.g., geographic location, sampling
methodology, potential explanation for outlying or anomalous data).
Describe calculation and potential standardization of abundance indices.
Discuss trends and associated estimates of uncertainty (e.g., standard errors).
Justify inclusion or elimination of available data sources.
Discuss the effects of data strengths and weaknesses (e.g., temporal and spatial
scale, gear selectivities, ageing accuracy, sample size) on model inputs and outputs.
Define and justify definition of stock structure.
Review recreational fishing estimates and PSEs. Compare historical and current data
collection and estimation procedures and describe data caveats that may affect the
assessment.
Estimate discards and size composition of discards in recreational and commercial fisheries
where possible.
Evaluate the effects of stock enhancement program contributions on data inputs.
Develop models used to estimate population parameters (e.g., F, biomass, abundance) and
biological reference points, and analyze model performance.
a. Describe stability of model (e.g., ability to find a stable solution, invert Hessian)
b. Assess estimated selectivity and discuss effects on population parameters.
c. Justify choice of CVs, effective sample sizes, or likelihood weighting schemes.
d. Perform sensitivity analyses for starting parameter values, priors, etc. and conduct
other model diagnostics as necessary.
Clearly and thoroughly explain model strengths and limitations.
Briefly describe history of model usage, its theory and framework, and document
associated peer-reviewed literature. If using a new model, test using simulated data.
g. If model structure differs from the model structure used in the previous assessment,
preform a continuity run of the previous model and compare estimates. Discuss
potential causes of any observed discrepancies.
h. If multiple models were considered, justify the choice of preferred model and the
explanation of any differences in results among models.
State assumptions made for all models and explain the likely effects of assumption
violations on synthesis of input data and model outputs. Examples of assumptions may
include (but are not limited to):
a. Choice of stock-recruitment function.
b. Choice to use (or estimate) constant or time-varying M and catchability.
c. Choice of a plus group.
d. Constant ecosystem (abiotic and trophic) conditions.
Characterize uncertainty of model estimates and biological or empirical reference points.

opo

o o

. Perform retrospective analyses, assess magnitude and direction of retrospective patterns

detected, and discuss implications of any observed retrospective pattern for uncertainty in
population parameters (e.g., F, SSB), reference points, and/or management measures.
Recommend stock status as related to reference points (if available). For example:

a. Is the sSPR above or below the 30% sSPR threshold?
Other potential scientific issues:
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a. If possible, assess any temporal changes in distribution or stock structure. Discuss

potential causes of any changes.
b. Compare reference points derived in this assessment with what is known about the
general life history of the exploited stock. Explain any inconsistencies.
