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PREFACE

The 2022 Red Drum Simulation Assessment and Peer Review Report is divided into two
sections:

Section A — 2022 Red Drum Simulation Stock Assessment Peer Review Report

PDF pages 4-16

This section provides a summary of the Red Drum Simulation Stock Assessment results
supported by the Peer Review Panel. The Terms of Reference section provides a detailed
evaluation of how each assessment Term of Reference was addressed by the Red Drum SAS and
TC and provides recommendations from the Panel for future areas of research to improve red
drum assessments.

Section B — 2022 Red Drum Simulation Stock Assessment Report

PDF pages 17-568

This section covers the Red Drum Simulation Assessment developed by the Red Drum TC and
SAS and describes background information on red drum, data used, analyses for the
assessment, and recommendations for modeling in future red drum stock assessments
submitted to the Peer Review Panel.
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SUMMARY

Red drum Sciaenops ocellatus is a popular recreational fish along the Atlantic and Gulf coasts of
the United States. Red drum exhibit ontogenous movement dynamics whereby young of year
and sub-adults spend their time in estuarine environments and adults migrate further offshore.
Recreationally caught fish can be harvested if fish are within a slot length limit. Data collected
from the adult population is sparse and mainly consists of information from various long line
surveys. The lack of available adult abundance information results in stock assessments that
have been unable to accurately estimate stock status. The purpose of this review is to evaluate
and identify stock assessment methods most robust to the types of data available for red drum.
This was accomplished by simulating data using an operating model and then fitting simulated
data using various stock assessment models. The three models considered and compared in
the simulation assessment include the Traffic Light Approach (TLA), SCA (a statistical catch-at-
age model developed in ADMB and used historically for red drum), and Stock Synthesis (SS; a
statistical catch-at-age model developed in the SS program).

The Review Panel (RP) recommends the use of the SS program to assess both the northern and
southern stocks of red drum, with the use of the TLA as an accessory tool between
assessments. The SCA model was not able to reproduce the outcomes from the operating
model when fitting to near-perfect data. The SS model is ready to use for the northern stock,
while the model for the southern stock requires more exploration before use in stock
assessment. In particular, some results were unexpected and unexplained. The unexpected
results are detailed below and require further attention.

The Review Panel (RP) appreciates all of the hard work by the Red Drum Stock Assessment
Subcommittee (SAS) and Technical Committee to create a comprehensive simulation
assessment. The Panel also thanks the Director of Fisheries Science for organizing the meeting,
providing materials to the Review Panel in a timely fashion, and additional support throughout
the review. A Review Workshop was conducted in Raleigh, North Carolina, during the week of
March 28, 2022. Workshop discussions were professional and constructive, and overall the
simulation assessment passes review.

The following report provides an evaluation of the simulation work and recommendations from
the Panel, with detailed comments for each Term of Reference.
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TERMS OF REFERENCE

1. Evaluate the thoroughness of data collection, data treatment, data presentation, and
characterization of data uncertainty.

The Review Panel believes the Stock Assessment Subcommitee did an excellent job of
summarizing and analyzing a large number of complex data sets that went into the assessment
models. The simulation assessment is thorough in its description of the data sources and how
they are used in the three different models. Uncertainty is well characterized overall, although
we note a few cases where the models are biased via not making accurate predictions when
given perfect data (e.g., SS model for southern stock). We suggest attempting a few
adjustments to remove bias and improve the utility of the models.

We believe the authors should consider alternate growth curve formulations. Schueller et al.
(2014) offers a potential for bias correction to consider. Alternately, Lester et al. (2004) offers a
growth model that specifically models the pre-maturation phase of growth separately from the
mature phase that could produce a better fit to the data. The RP believes the two approaches
should be considered to better model size at age. However, the RP notes several aspects of the
size at age data that could result in biased growth parameters, regardless of the model chosen.

a. Variability in size at age declines with age, an unlikely relationship that may be a result
of gear bias; in most fishes, variability in size at age is constant or increases with age

b. Drum in the 70-90 cm size range are not well sampled, likely a result of gear bias; and

c. The RP also believes future explorations of size at age for red drum stocks should
evaluate existing growth increment data from the tagging studies, to further elucidate
growth patterns.

Thus, the data available to analyze growth for red drum are likely problematic and need further
consideration and analysis. Traditionally, the expectation is that as age increases, the variability
in size is likely to remain constant or increase. The lack of such a trend in the data suggests
there is a bias in data collection and the full variability of size at age is not being sampled. One
potential bias could be a gear bias where a certain survey or fishery gear doesn’t sample
specific sizes well. Another example could be a bias due to spatial dynamics of the population
and no sampling occurring within a given area or time frame. This potential bias in sampling
leads to a potential bias in the estimation of the growth curve parameters. When estimating
growth, one assumption is the data at age are representative of the range of sizes at that age.

The Assessment Committee made the assumption that the data reflect the true size distribution
at age and corrected the growth curve estimation by allowing for an age-varying K parameter
for the von Bertalanffy growth curve. An alternative explanation is the data are not
representative of the full distribution of sizes at a given age. If this is the case, the

estimation of the von Bertalanffy growth curve should be bias corrected such that all of the
parameters would be estimated in an unbiased manner. A tested method to bias correct
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growth curve estimations can be found in Schueller et al. (2014). The RP recommends bias
correcting the growth data given the lack of samples in the 70-90 cm range, which indicates the
full size range at age is unlikely to be sampled across all age classes. In addition to the bias
correction, the data should be explored over time to assess the possibility of time-varying
growth. However, the RP recognizes that considering and correcting for bias in the growth data
could be beyond the scope of the simulation assessment. The RP suggests further exploration
of how bias in growth parameters could influence the simulation assessment model results.

The RP also notes that potential growth information from tagging data has not been
investigated in past stock assessments due to availability of traditional age-length data. Various
tagging programs for red drum have been conducted in multiple states. There is a substantial
amount of tagging data available, including information on large and old individuals. The RP
recommends analyzing the size increment data from tagging programs. For example, analysts
can fit the growth increment form of the von Bertalanffy function (Fabens 1965) to the size
increment data. The estimated von Bertalanffy parameters (K and Linf) can then be compared
with those obtained from the age-length data. The comparison may shed light on the
representativeness of the age-length data. Furthermore, it may be worthwhile to fit the von
Bertalanffy growth curve using both size increment and age-length data (Kirkwood 1983).
Again, this is a recommendation for future assessments.

The survey index data for the northern model were appropriate and were limited to one index
for recruitment, one index for sub-adults, and one index for mature adult abundance. The
approach used in the northern region uses the available data to the extent scientifically
possible.

The survey index data for the southern model were more plentiful and complex. The base
configuration of the southern model included eight index data sets. The model included three
indices of recruitment, two indices for sub-adults, and three indices representing mature
abundance. When multiple indices are included that represent the same segment of the
population, the estimation model will find similar trends, but will also have a difficult time
fitting the data if the same underlying trends are not informing the data. Moving forward with
the estimation model, analysts should consider providing the best information available on
trends in abundance over time for the given size and age ranges. With multiple possible data
sources, analysts should consider prioritizing the data and using the longest time series and
largest, most representative spatial scales. If that is not an option and all data are equally
valuable, analysts could consider combining indices using a variety of different options such as
the Conn method (Conn 2010), VAST (Thorson 2019), hierarchical modeling, or dynamic factor
analysis. In addition, exploring the relationship of the indices to each other through correlation
analyses, with appropriate lags to account for size or age class differences, is critical to
determining if the estimation model inputs provide a cohesive picture of the stock dynamics.

Natural mortality is one of the most critical parameters influencing the identification of
sustainable harvest levels. The RP feels the simulation assessment handled natural mortality
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appropriately using surrogate measures for M and size dependency in M. Overall, the natural
mortality approach used in the models was appropriate.

During discussions, the RP learned that much more tagging data exists that could provide better
informed estimates of fishing mortality, particularly in North Carolina and South Carolina.

There are evidently data that correct for non-reporting of tags and thus could be very useful.
The RP encourages new analyses of the tagging data to obtain estimates of harvest rate
information (F) that could improve future assessments.

Finally, the discard mortality rate was a key uncertainty in this assessment, as well as the
number and size composition of released fish that ultimately would be exposed to discard
mortality (currently set at 0.08). There is a key need to better quantify the number and sizes of
discarded catch, particularly given the apparent recent increase in anglers targeting large,
spawning fish offshore. The RP recommends better data collection of discard numbers and
sizes as a high priority for future assessments, including the use of angler phone apps and other
tools to measure the size and number of discarded fish. Further, the assessment could benefit
from more sensitivity analyses to evaluate how the size and number of discarded fish could
influence the assessment trends and reference points. Finally, the RP believes the discard
mortality rate of 0.08 could be a bit high, and should consider the effects of lower values (e.g.,
0.04). That said, the number and size of discarded fish is a major uncertainty that if quantified,
would improve future assessments.

2. Evaluate the thoroughness and appropriateness of information used to parameterize
simulation models.

The RP feels the SAS did a very thorough job of parameterizing the models, including critical
parameters of natural mortality and recruitment compensation. There is some uncertainty in
how selectivity from the different regions is influencing model outputs, as regulations changed
through time and were different across the states. This creates uncertainty in the models
because the north and south stocks have different selectivities, likely operating within different
states for each region (north and south). Selectivity is particularly concerning for the southern
stock where size and bag limits varied through time and across the states of South Carolina,
Georgia, and Florida. An amalgamation of selectivities could contribute to uncertainty and
possibly bias in the southern stock SS model. The RP recommends further sensitivity analyses
to explore how changes in the selectivity curves influence model predictions when given
perfect data.

3. Evaluate the appropriateness of models for simulating red drum populations and
generating data sets sampled from the simulated populations.

The Stock Synthesis simulation package (SSsim) is used to simulate red drum populations and
create data sets from the operating models. The RP agrees this is an appropropriate model or
method for simulating red drum populations and generating data sets for use in the estimation
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models. Overall, the uncertainty in the operating model represents the observed uncertainty in
the data.

4. Evaluate the incorporation and treatment of uncertainty in simulated populations.

The RP feels that uncertainty was handled appropriately overall. The SAS includes uncertainty
through variable population dynamics scenarios in the operating model (OM). These include a
scenario in which fishing pressure is increased in the projection period, an increase in the
selectivity at age of older fish through a catch and release trophy fishery, a scenario in which
natural mortality is lower than expected, and a time varying realized recruitment scenario. The
incorporation of uncertainty into the simulated populations in the operating model is well
described and appropriate for red drum.

5. Evaluate candidate assessment methods and application of assessment methods to data
sets sampled from simulated populations.

The Stock Assessment Subcommittee (SAS) explored a few assessment methods within each of
the estimation models (EM). Exploration of assessment methods is constrained by the
limitations of each EM framework and by the requirement that any model configuration has to
be flexible enough to fit the data provided by each of the scenarios developed in the OM.

In general, the assessment methods available for exploration in the SCA are limited compared
to those available in the SS EM. For example, the SAS explored estimating time varying
equilibrium recruitment (RO) in SS as an attempt to fit the data produced by the OM, which has
a temporally varying stock recruitment relationship. The SCA EM does not estimate stock
recruitment parameters and so no such exploration is possible.

The assessment methods available in SS are many and varied. The SAS chose to limit the tuning
of SS models to configurations that would fit all of the runs from each of the OM scenarios. The
approach means that some individual runs and scenarios could be fit better, and results for the
SS models are possibly less precise than they could be. However, the RP recognizes it would be
unreasonable to attempt to tailor each fit to the hundreds of OM runs. SS employs parameter
penalties to help with estimation. The penalties can be (mis)used to direct the EM to a
particular solution on the likelihood surface, inflating the perceived stability of the model. The
SAS does not misuse this feature of SS. They employ appropriate penalties on parameters that
are weak enough to allow a broad array of solutions and provide enough guidance to help with
model convergence. Other choices made in configuring SS for each OM scenario are reasonable
and would likely have been employed by other competent stock assessment scientists given
similar datasets.

The RP finds the application of assessment methods to be appropriate and representative of
the choices made by professional stock assessment scientists. However, a few additional items
could be considered.
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First, further examination of the SS estimated stock-recruit relationship, including the steepness
parameter, is recommended. The estimated steepness values are unexpectedly low for both
north and south stocks, causing an estimated SSB ratio with considerably high bias (e.g.,
scenario Depr R). The RP feels the assessments do not appear to have data to inform
steepness, and thus recommend fixing steepness at 0.99. However, the RP recognizes that such
model configuration, in conjunction with other fixed life history parameters (e.g., natural
mortality), could constrain the calculation of potential reference points. Fixing several
parameters limits the flexibility for reference points to be informed by the data.

Second, the RP recommends exploration of the start year of the model. Given the time series
available, the model could be started earlier than 1989 or later than 1989. The model could be
started earlier, for example 1950, in order to capture the decline in the population with
increased catches by both the commercial and recreational fisheries, and to leverage all of the
available data. In addition, a later start year of 1991 could be considered if tagging data were
to be used. Parameter estimates from the tagging data during the earliest years were quite
uncertain. Censoring those earlier years may help with parameter estimation and model
performance. Additional sensitivity runs should be used to diagnose the robustness of the
model outcomes to the decision of the starting year of the model. In some cases, the choice of
start year can lead to difficulties initializing the model at the appropriate scale of abundance
given the data available and the level of depletion.

6. Evaluate the choice of reference points for characterizing stock status of simulated
populations. Recommend alternatives if necessary.

In general, the RP feels the reference points selected by the SAS are appropriate. The RP agrees
that an escapement reference point is vital to assessing a stock primarily driven by recruitment.
The RP recommends monitoring both an annual and 3-year moving average measure of SPR
status. The three year moving average introduces some inertia into the management process
and reduces the probability that management actions are based on noise rather than signal.
The annual measure can be important to balance that inertia with the ability to detect rapid
changes in SPR status that might require immediate attention.

SSB status could turn into a trend-based reference point, but the SAS would need to select a
reference time period. A general result of the simulation exercise is that trend was more stable
than scale in SS models for both regions. If this result holds, once a final version of the SS
model for the south is configured, there is a possibility of using an SSB reference point based on
trend for management. Trend-based SSB reference points require a reference period for
internal comparison. ldentifying an appropriate reference period would require further study
by experts in the fishery and is outside the purview of the RP.

The SS model for the south appears biased in scale, but demonstrates a stable trend. This result
indicates trend based reference points could be useful for management. The RP thinks trend
based reference points are a potentially useful tool to mitigate a model that shows scale
instability. However, the Panel recognizes there may also be trends in bias. Once the SAS has
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demonstrated that the EM for the south can reproduce the dynamics of the OM when given
data without observation error, it will be possible to determine if there are trends in bias and
by extension whether or not trend-based reference points are appropriate.

7. Evaluate the choice of metrics used to evaluate performance of each candidate
assessment method for estimating the population dynamics and stock status of simulated
populations. Recommend alternatives if necessary.

The selected performance metrics are appropriate and represent standard reference points for
diagnosing overfishing in stock assessments. The escapement goals for red drum are sound
performance metrics for a stock with dome-shaped selectivity that focuses harvest on juvenile
fish.

The SAS conducted 100 iterations for each scenario and computed relative error and error rates
(Type I and Type Il) as metrics for each EM and scenario. Given that process error (recruitment
deviations) is also introduced to the simulation, the RP feels that 100 iterations is a low number
and simulation results might reflect a substantial amount of randomness. The RP notes the
actual number of iterations is lower because non-converged runs were excluded. The RP
recommends the following two exercises to explore the impacts of number of iterations: (1) for
a given scenario, increase the number of iterations to 200 and compare the results with 100-
iteration results; (2) for a given scenario, perform several runs of 100 iterations and check
variability in produced relative errors and error rates among runs. For the purpose of model
comparison, however, the RP thinks 100-iteration results will likely indicate the difference in
performance among EMs. For a given scenario the SAS fit all of the EMs to the same <100
datasets. The EMs used the same datasets and comparisons were based upon medians.

8. Evaluate the choice of the preferred assessment method(s) for characterizing stock status.
Recommend alternatives if necessary.

The RP evaluated all three assessment methods presented by the SAS: TLA, SCA, and SS.
Overall, the RP does not recommend further exploration of the SCA model. The RP
recommends the use of the SS model for future analyses and assessments, and recommends
use of the TLA as an accessory model.

The RP recommends that the SCA model should not be further explored for red drum stocks
because the SCA seems to be intrinsically biased even when using perfect data from the
operating model. The RP notes the initialization of the SCA and the bias associated with it could
be remedied with alternative approaches to initialization (Figure 1). Additionally, the RP notes
the SS model is essentially an SCA approach with more flexibility. While the RP agrees that,
with more work, the SCA model is likely to be able to produce robust, unbiased estimates, the
time and resource commitment is not worthwhile. Ultimately, the RP recommends not
pursuing the SCA model further for the red drum stocks.
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The RP expects the SS model to produce unbiased and robust estimates of the red drum stocks
given that the Operating Model producing data was SSsim. The SS model for the northern
region appeared to be unbiased when using perfect data from the operating model (Figure 2).
The SS model for the southern region needs additional work to determine if the model can
produce unbiased estimates while using perfect data from the operating model. The
conclusions from the report for the SS south model are potentially uninformative because of
the lack of a working model using the perfect data from the OM. The expectation is that the SS
model will be able to reproduce the OM with further work. At that time, the sensitivity runs
may need to be redone to reassess conclusions. Options to explore as the SAS determines what
is leading to the inability to reproduce OM results include: 1) more years of model sensitivity
runs, 2) consider impacts of growth curve biases on the results, and 3) explore the effects of
different selectivity curves through time used for South Carolina, Georgia, and Florida. It would
be worth exploring how the selectivity parameters influence model results, particularly given
the changes in selectivity through time and across states in the southern region. In the absence
of other ideas for improving the fit to data without error, it would be worth fixing all but one of
the scaling parameters at their true values to make sure there are no gross specification errors
present in the EM model configuration. If the one estimated scaling parameter (for example
RO) is accurately reproduced in the EM, the remaining parameters could be iteratively opened
to estimation in order to track down which ones are introducing bias into the model. Additional
penalties (parameter priors) on troublesome parameters may be warranted.

The RP is particularly concerned with the unexpected outcomes in the “sensitivity runs” that
remain unexplained for both the north and the south SS models. For the northern model,
incorporation of the B2 (recreational live discards) composition data improves characterization
of discards but results in more biased results, rather than less biased results. For the southern
model, the use of the true growth information or model from the operating model does not
improve the robustness of estimates.

Finally, the TLA may be a useful accessory tool because it shows no bias and provides
recruitment information. TLA could be used as an annual, interim tool between assessments,
as recommended by the SAS. TLA provides information on Recruitment Condition and SSB
status and could be used as a tool to indicate the need for an assessment during periods of
poor recruitment. The RP expresses concern over the methods for determining the reference
points used in the evaluation of TLA performance. The grid search method uses information
from the entire time series of the simulation, including the projection years. Therefore the TLA
leverages information not available to the other models and would not be available to a TLA
based on ‘in situ’ data. It would be informative to repeat the grid search using only the ‘burn in’
and pre-2023 periods to see if the reference points identified were similar to the ones
identified in the presented assessment. The reduced time series grid search would be more
directly comparable to the other assessment models and would be representative of options
available in an ‘in situ’ application of the TLA.

During the Review Workshop, the RP made analytical requests to the SAS that were informative
for determining the status of each of the models for use in red drum assessment and
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management. During Day 1, the RP requested running each of the estimation models with
perfect or near perfect data from the operating model. This would allow the RP to assess how
well the estimation model performs given a perfect dataset. The RP requested running data
from the operating model with no error in the SS and SCA estimation models using only one
iteration each for the north and south. The request included using all data from all years but
with no observational error. The SAS provided the results, leading to the conclusions above
regarding use of the SCA and SS models.

On Day 2 of the Review Workshop, the RP made additional analytical requests. The first was to
continue to run the perfect data from the OM in the estimation model configurations for the
southern region. In addition, the RP made requests intended to sleuth out why the southern
region was not performing as expected or why the SCA model was not matching the operating
model data well. First, the RP requested fixing the initial numbers at age at the true values for
the northern SCA model in order to help with model initialization (Figure 1). Second, the RP
requested fixing M at the true value whereby the value for the Age 7+ group was averaged
across all of the available ages. The preferred average was the numbers-weighted M for the
Age 7+ group for the south and north using the base model.

On Day 2, the RP also requested additional figures for consideration. First, the RP wanted to
see the annual SPR values instead of the three year average SPR values. Second, the RP wanted
to double check what SS was doing with the SPR calculations and requested the values be
computed using a manual SPR calculation in a spreadsheet. Finally, the RP requested that
growth and B2 be calculated annually. These requests were made in order to guide future work
on the models in preparation for future red drum stock assessments.

Finally, the RP recognizes the spatial structure of the models needs further exploration and
future assessments may or may not have the same structure explored here. Given the analyses
explored for the simulation assessment, it was difficult to properly evaluate the most robust
choices for spatial delineation and spatial assumptions within the modeling framework. Future
exploration of the decisions regarding spatial assumptions should include analyses of the
tagging data and the consideration of one model versus separate northern and southern
models. Several capabilities within Stock Synthesis could be explored. One example could be
one model with limited movement, but two separate areas for estimation of life history
parameters and fishing mortality rates, plus the incorporation of tagging data. The single
model could be set up to leverage all of the data available for the species while still allowing for
differential management and population dynamics of red drum in the north versus the south.
Another example could be two separate models, as presented here, one each for the north and
the south, with tagging data incorporated.
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9. Review recommendations on future monitoring provided by the Technical Committee
and comment on the appropriateness and prioritization of each recommendation.
Provide any additional recommendations warranted.

This TOR is partially addressed. The RP could not fully evaluate the simulation results for the
southern area due to lack of a converged model that could accurately reproduce the OM when
given data without observation error. Results from the future monitoring prioritization study
are counter-intuitive and therefore could not be fairly interpreted. The RP feels the longline
survey is very likely to be important to the assessment because it is the only source of
information for adult fish. However, the simulation study indicates the long line data are not
helpful to the assessment. Removing long line data made little or no difference to the results.
Also, the RP feels additional length composition data from recreational discards should help the
model inform recreational discard selectivity, and improve model performance. Counter to
expectations, simulation results show increased bias relative to the OM when recreational
discard composition data are added to the northern model. The RP feels it is important to
understand why these results occurred before recommending a prioritization of future
monitoring efforts.

One additional option to explore is the creation or collection of data to inform trends and
selectivity of fish in the 70-90 cm range. The sampling gears and methods used to collect data
for red drum generally do not catch large numbers of fish in the 70-90 cm range. The RP is
concerned the range of ages in that size class is not well characterized. Collection of data from
the 70-90 cm size range (28-35 inches) will likely provide information on age, trends in
abundance, and selectivity across gears. This information will in turn lead to better, more
robust analyses of growth.

10. Prepare a peer review panel report summarizing the panel’s evaluation of the simulation
assessment and addressing each peer review term of reference. Develop a list of tasks to
be completed following the workshop. Complete and submit the report within 4 weeks of
workshop conclusion.

This peer review panel report fulfills the requirements under this term of reference. The RP has
provided detailed information for each review panel term of reference. The report was
completed in the allocated time frame.

Following the Review Workshop, the Assessment Committee needs to work on fitting the SS
southern model to the “perfect” data from the operating model, in order to show the
estimation model can reproduce the truth from the operating model. Once that work is done,
the Committee can move forward in considering our recommendations for the assessment of
red drum in the northern and southern regions.
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Figure 1. A plot of the relative error in sub-adult abundance for the northern and southern SCA
models demonstrating that fixing parameters can lead to reduced bias in the early part of the
time period for the north. This likely indicates something amiss with the initialization.
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Figure 2. A plot of the relative error in the three year F ratios for the northern and southern SS

models demonstrating that the northern model was able to produce unbiased results when
using the perfect data from the operating model.
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Natural mortality-at-age was estimated externally as described above (Section 6.1.2.2). Based
on a maximum age of 41 years, constant mortality-at-age for red drum in the southern stock
was found to be 0.163 yr. Therefore, natural mortality-at-age for red drum in the southern
stock was found to range from 1.453 — 0.115 and values were fixed within the SS EM as an age-
specific vector (Table 63). For the alternative structural scenario Tru Grow&M, natural
mortality-at-age was configured as in the OM (see Section 6.2.2) and parameters were fixed
within the EM.

The SS EM was configured as a single sex model where the spawning biomass would be

multiplied by a user-defined fraction female, here defined as frac_female = 0.50. Maturity was

configured to be age-based using a logistic function where the Asp and slope parameters were

those calculated by Arnott (2015a) for South Carolina in SEDAR 44 and used as fixed inputs.

Fecundity was configured as non-linear eggs/kg on body weight ( = + Db)and

parameterized such that the number of eggs was equivalent to spawning biomass by fixing
=0.5and =1.

A Beverton-Holt stock-recruitment model was used and all three parameters (i.e., steepness,
In(R0O), and sigmaR) were estimated. Simple annual deviations from the stock-recruitment
function, which were constrained to sum to zero, were estimated assuming a lognormal error
structure. In the alternative structural scenario Base h, steepness was fixed at 0.99 and annual
deviations were configured to no longer sum to zero.

The main recruitment deviations were estimated for the time period of greatest data-richness
(1989 — 2061). Early recruitment deviations were estimated for 1981 — 1988 where information
on the length and age composition data of the three recreational fleets and removals from
natural mortality and fishing could provide some indication of recruitment level trends. A full-
bias correction to the recruitment deviations (Methot and Taylor 2011) was applied to years
1986 — 2060 after which it phased out to no bias adjustment in 2061.

The southern red drum stock was also not assumed to be in equilibrium in the EM’s start year
of 1989 given the reported fishing history. Model configuration follows the method reported
above for the northern stock. Constant catchability was assumed for all surveys and estimated
by the model.

The southern stock EM was configured using length-based selectivity for all fleets and indices
except for the three age-1 indices of relative abundance: FL_21.3_HaulSeine, SC_Rotenone, and
the GA_GillNet. The double normal selectivity pattern was used to model selectivity-at-length
for all three recreational fishing fleets as well as the SC_StopNet, SC_Trammel,

FL_183_ HaulSeine, and South_Rec_CPUE indices. All three longline indices were configured
using the single logistic function (as opposed to the double normal function used in the OM) to
reduce over-parameterization and increase model parsimony.

Retention was modeled as a dome-shaped function with size for all three recreational fishing
fleets. Live and dead discards for these fleets were calculated and fit within the EM. Live
discards were estimated by applying the converse of the retention function to the total catch
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while dead discards were the result of assumed discard mortality rates (8% applied to all three
recreational fishing fleets) and treated as fixed inputs assumed constant through time (Methot
and Wetzel 2013).

Initial values for selectivity parameters were specified based on visual inspection of length
compositions or on regulatory changes in size limits and parameter bounds were set large
enough to avoid truncating the searching procedure during maximum likelihood estimation.
The soft bounds option (Methot et al. 2020) as well as the use of symmetric beta priors were
used here similar to their application in the northern stock model.

Selectivity time blocks largely consistent with the configuration of the OM were used to reflect
changes through time in red drum vulnerability to gear and state-specific changes in minimum
and maximum size limit regulations. Specified selectivity parameters were therefore newly
estimated for each selectivity time block which replaced those from the previous time block.
During the Assessment Workshop, the panel decided to make changes to the time block
configuration in the southern EM for the GA_Recreational fleet where the 2002 — 2006 and
2007 — 2061 time blocks were combined to 2002 — 2061.

6.4 Model Configuration Comparisons

Configuration details are compared between the OM and the two population dynamics EMs
(SCA and SS) for the Base scenario in Table 64-Table 66 (northern stock) and Table 67-Table 69
(southern stock).

7 RESULTS

Scenario results are presented in four groups: developmental, core populations dynamics,
alternative structural, and data prioritization scenarios. Developmental scenarios included
preliminary EM configurations used to inform the final configurations used in the core
population dynamics scenarios. The core population dynamics scenarios, where EM
performance was evaluated, simulated varying population dynamics likely to be encountered in
future red drum assessments and are the primary scenarios informing recommendations on
future red drum stock assessment models. For each of the core population dynamic scenarios,
the OM was modified to generate the full range of varying population dynamics. Alternative
structural scenarios were those conducted following the core population dynamics scenarios to
address specific questions about stock-recruit relationship parameterizations and growth
assumptions and include changes only to the EM configurations. Data prioritization scenarios
were prioritized for this simulation assessment to inform monitoring and data
recommendations that would improve future red drum stock assessments.
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7.1 Developmental Scenarios

7.1.1 Convergence Exploration

Scenarios using alternate likelihood weighting schemes (Base, High F, Inc Sel) were conducted
for the SCA EM to evaluate stability issues (i.e., low convergence rates) when using the
preferred weighting schemes of the last stock assessment (Base Alt Wgt, High F Alt Wgt, Inc
Sel Alt Wagt). Specifically, these scenarios were intended to address the questions: (1) Does the
SCA convergence rate, particularly for the southern model, change with an alternate weighting
scheme? and (2) Is the SCA stability issue likely to be a minimal concern in application of the
model during a stock assessment or an issue that presents a considerable risk of applying the
model during a stock assessment? In addition to the scenarios where the likelihood weighting
scheme was changed within the EM, two additional summaries of performance metric data
were evaluated to understand the performance effects of weighting choice that may be driven
by convergence issues. The Max Conv scenario combined performance metrics from any
iterations of the southern SCA model that converged using either the preferred weighting
approach from the last assessment (Base Alt Wgt) or the weighting approach with equal unity
weights on all likelihood components (Base). The objective of this alternative data
summarization was to further evaluate if weighting scheme choice changes perception of
summarized performance. This combination increased the convergence rate from 61% for the
Base Alt Wgt scenario and 77% for the Base scenario to 84%. The Iter Filter scenario included
performance metrics from only iterations that converged for both the SCA and SS EMs in each
of the core population dynamics scenarios. The objective of this alternative data summarization
was to evaluate if summarized performance is skewed by different convergence rates and
potentially different tolerances to find solutions between EMs. This alternate summary of
performance metrics mostly involved excluding converged iterations for the SS EM which had
higher converge rates near 100% for most scenarios.

Convergence rates of the SCA EM using unity weights on all likelihood components increased
relative to the EM using the preferred weighting scheme from the last stock assessment except
for the southern model under the Inc Sel core population dynamics scenario, which decreased
by 5% (Table 70). There was a net gain of 42 converged iterations across models and scenarios
using the unity weights and scenario-specific convergence rates increased to at least 77%. The
weighting scheme choice impacted estimation of the stock scale for the northern stock, but had
less effect on scale estimation for the southern stock and trend estimation for both stocks
(Figure 173-Figure 176). The impacts to performance of the northern model depended on
parameter and scenario, with improvements to accuracy across scenarios for parameters
including sub-adult abundance and age-4 escapement and more mixed impacts for parameters
including mature abundance and three-year SPR ratios. The additional data summarization
scenarios Max Conv (Figure 173-Figure 176) and Iter Filter (Figure 177) had negligible impact on
performance indicating the results from each weighting scheme for the southern Base scenario
and all iterations regardless of convergence in the other EM for all core population dynamics
scenarios, respectively, are representative of SCA performance.
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The unity weighting scheme is consistent with the weighting scheme in the SS EMs and also
consistent between stocks within the SCA EMs which had likelihood components weighted
differently using the preferred weighting scheme from the last assessment. This consistency
makes performance more comparable among models and so the unity weighting scheme was
used in final configurations for the core population dynamics scenarios.

7.1.2 Bacheler et al. 2008 SCA Inputs

The northern SCA EM has unique aspects including using external fishing mortality time series
estimates from Bacheler et al. 2008 as data in the fitting process and using selectivity estimates
for recreational discards from the same publication as fixed inputs in the model. These aspects
introduce misspecification in the model as applied to the simulated stock including biased low
discard mortality (Figure 178), biased high harvest mortality for ages 1-3 and biased low harvest
mortality for ages 4+ (Figure 179), as well as biased low recreational discard selectivity for ages
3+ (Figure 180-Figure 182). As the simulated population dynamics likely differ from in situ
population dynamics these published estimates were made from, it is unknown how
misspecification for the simulated stock compares to misspecification, if any, for the in situ
stock. However, several sources indicate similar misspecification for the in situ stock. Bacheler
at al. 2010 estimated length-based selectivity for recreational discards, which were used to
specify selectivity in the OM, and noted that the Bacheler et al. 2008 estimates may be
underestimated for older ages. Peer reviewers of the SEDAR 18 stock assessment noted
concerns with the very high fishing mortality estimates from Bacheler et al. 2008, particularly
the first few years used in the stock assessment. Preliminary results of the core population
dynamics scenarios using the Bacheler et al. 2008 data inputs were similar to results in past
stock assessments which estimated very large mature abundances at the beginning of the
assessment time series that decline exponentially. Past peer reviewers have identified this as an
artifact of the model. In addition to these indications of misspecification, exploration of the
northern SCA in past assessments has indicated model stability relies on these estimates and,
currently, there are no alternative fishing mortality estimates to use in place of the Bacheler et
al. 2008 estimates.

Scenarios conducted to evaluate how treatment of the Bacheler et al. 2008 inputs impact
performance included: a scenario with the recreational discard selectivity fixed to the true
values from the OM (B2 Sel) but still using the misspecified fishing mortality estimates in model
fitting, a scenario with the fishing mortality values sampled from the OM values with error
levels according to the Bacheler et al. 2008 estimates (Tru Fs) but the discard selectivity still
misspecified, a scenario with both the true OM recreational discard selectivity values and the
fishing mortality values from the Tru Fs scenario (B2 Sel&Tru Fs), and a scenario with the
external fishing mortality estimates excluded from the fitting process (No Fs). These scenarios
were intended to evaluate performance under status quo monitoring and data availability. The
unique northern SCA EM aspects are further evaluated for their impacts on performance when
they interact with potentially new data sets (recreational discard composition data, Section
7.4).
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Performance varied across the scenarios evaluating treatment of Bacheler et al. 2008 data in
the northern SCA EM. Bias driven by the misspecified fishing mortality inputs early in the time
series is reduced when the values sampled from the OM are used in place of the Bacheler et al.
2008 data and flips direction when no fishing mortality data are used in the fitting process
(Figure 183). Despite the reduced bias, scenarios with fishing mortality sampled from the OM
led to low convergence rates (Table 71).Treatment of the recreational discard selectivity has
less affect, with the scenario using true selectivity from the OM performing similarly to the
corresponding scenario with the same fishing mortality treatment (i.e., B2 Sel is more similar to
Base and B2 Sel& Tru Fs is more similar to Tru Fs). Once the time series of fishing mortality
estimates ends (2004), selectivity misspecification affects become more apparent. Scenarios
with true recreational discard selectivity (B2 Sel and B2 Sel&Tru Fs) have less trending in
performance and the bias in the beginning of the projection period when fishing mortality
ramps up is less than in the scenarios with misspecified selectivity. The configurations with no
misspecified inputs (B2 Sel&Tru Fs) and, surprisingly, with both misspecified inputs (Base)
perform about the same during the beginning of the projection period (Figure 184). Later in the
projection period performance is more consistent through time across scenarios, but treatment
of these inputs still impacts estimation of stock scale and bias. The Base scenario continues to
estimate with the greatest accuracy in the long term followed closely by the B2 Sel&Tru Fs
configuration. Models with one misspecification used in isolation (B2 Sel, Tru Fs, No Fs) are the
least accurate performers. Notably, performance deteriorates when the fishing mortality
information is removed from the fitting process (No Fs) and provides the most biased estimates
of all scenarios across the projection period.

Due to the mixed performance across these scenarios, sources suggesting similar
misspecification using the Bacheler et al. 2008 estimates in the northern SCA EM for the in situ
stock, and lack of alternative external fishing mortality estimates to use in place of the Bacheler
et al. 2008 estimates, the Bacheler et al. 2008 inputs were included in the EM configuration
used in the core population dynamics scenarios and are assumed to be representative of
misspecification that would occur in the next benchmark assessment of the in situ stock.

7.2 Core Population Dynamics Scenarios

7.2.1 Structure of Results

Initially, performance metrics summarized across the projection period were the focus for
evaluating performance among the candidate EMs. However, there were trends in performance
within the projection period that were important to consider when evaluating the summarized
results (e.g., differing projection periods based on each stock’s longevity which complicated the
time-varying performance). Therefore, the projection period was summarized in two periods,
the initial years when fishing mortality was set to ramp up across scenarios (Ramp period, 2020-
2034) and the years after this Ramp period (Post-Ramp period, 2035-2082 for the northern
stock and 2035-2061 for the southern stock). This summarization standardizes the number of
years for the Ramp period between stocks, making performance evaluations between stocks
more comparable. Performance metrics across the EM time series are presented, but
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performance during the Ramp period was considered the priority for performance evaluations
as it is an indication of EM performance during considerable changes to stock conditions. In
addition, the ramp period is closest temporally to the historic period and these years will be the
focus in the upcoming benchmark stock assessment.

Results are presented for all parameters originally identified in Section 6.1, but there was also a
clear need to refine results from all original parameters in decision tables to guide
recommendations. Eight parameters were identified as the highest priority parameters for
performance evaluation including recruitment condition, SSB status, three-year average SPR
ratios, three-year average SPR status, three-year average fishing mortality ratios, three-year
average fishing mortality status, age-4 escapement, and age-6 escapement. These variables
place a heavy emphasis on fishing mortality estimation, but also prioritize performance for
categorization of production and reproductive capacity. Absolute scale of stock abundance
(age-1 recruitment, sub-adult abundance, mature abundance) was considered a lower priority
given the fisheries are predominately recreational and managed without catch caps or quotas.
Three-year average ratios were prioritized because they were estimated with better accuracy,
precision, and error rates than their annual counterparts (Figure 185-Figure 192).

Relative error was converted to absolute values before calculating medians across the Ramp
period in each scenario to avoid canceling runs of relative error of opposite directionality within
this period. These scenario-specific medians were then averaged across scenarios to summarize
performance for numeric variables in decision tables. Type Il error rates, where the stock was in
poor condition and the model incorrectly identified it as good condition, were considered
higher priority given they present more risk to the biological condition of the stock and were
tallied across scenarios during the ramp period to summarize performance for categorical
variables in decision tables. Performance was often worse for scenarios with misspecification of
natural mortality (Miss M) and recruitment dynamics (Depr R) and there is some anticipation
that this misspecification could be identified during a benchmark stock assessment. Therefore,
two summary tables are included for the results, one summarizing all core population dynamics
scenarios and one summarizing core population dynamics scenarios excluding the Miss M and
Depr R scenarios. Results are presented by stock as well as across stocks, although differences
in performance between stocks suggested focusing on results by stock for recommendations.

During review of preliminary results, it became apparent that EMs in some cases were
performing better at estimating trends of population parameters given relative error
distributions that were biased, but consistently biased through time. Trend-based estimates
using ad hoc time period-based reference points have been used for management of other
species (ASMFC 2003, ASMFC 2017a) and so performance for trend estimation is also presented
as information that could support a potential alternative to current management of red drum
stocks under SPR reference points. Trend-based values were calculated by selecting a reference
period and dividing the annual parameters by the average of the parameter over the fixed
reference period. Relative error of these scaled parameters was then calculated and
summarized the same way as for absolute parameters by comparing the OM values to the EM
estimates. Trend estimation performance is dependent on reference period choice, so results
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for two reference periods are included. The first reference period is one year selected at
random from the time series (2007). The second reference period was selected as a five year
period with an average SPR in the northern OM equal to the current management target
(SPR4o%, 2008-2012). There was variability in annual SPR in the northern OM during this
reference period and a trend in the southern OM, so this was considered an ideal period of
mixed conditions used for the reference period as a test of robustness in trend estimation.

7.2.2 Northern Stock Results

Convergence rates for the SS and SCA northern stock EMs were generally high across core
population dynamic scenarios. The SS EM converged on a solution for all iterations in most
scenarios with the exception of the Depr R scenario (64% convergence) and the Miss M
scenario (90% convergence; Table 72). The SCA EM experienced slightly lower convergence
rates which ranged between 86 —95% (Table 72).

The SCA EM estimated parameters with significant bias in the historical period due to the
inclusion of misspecified fishing mortality data identified in the previously discussed
developmental scenarios (Figure 193-Figure 201). This EM then compensates and estimates
with improved accuracy after the time series of these fishing mortality data end in 2004.
Precision follows an opposite pattern, with very precise estimates during the period when
fitting to fishing mortality data followed by lower precision when these data end. Despite the
decrease in precision, the SCA EM tends to estimate with greater precision than the SS EM
throughout the assessment time series including during the Ramp period (Table 73 and Table
74). This is particularly noticeable for age-1 recruitment estimates which are estimated very
imprecisely by the SS EM (Figure 193). The SS EM generally estimates fishing mortality-based
parameters that are influenced by the full age range (SPR and F ratios) with more accuracy
during the ramp period than the SCA EM, while the SCA EM estimates fishing mortality-based
parameters that only include information on the younger ages (escapement) more accurately
(Table 75 and Table 76).

Another notable performance feature for both EMs is trends in bias of the fishing mortality-
based parameters, particularly during periods when stock conditions change the most. Bias
tends to increase as fishing mortality increases and decrease as fishing mortality decreases
(Figure 202). This patterning is more pronounced and consistent for the SCA EM than the SS
EM. Bias is more stable during periods of stable fishing mortality. There is less trending in
abundance-based estimates, but some trends do occur for the SCA EM mature abundance
estimates (Figure 203).

The SCA EM tends to underestimate abundance parameters characterizing the immature
component of the stock (Figure 193 and Figure 194) and overestimate mature abundance
(Figure 195). Following a similar pattern, the SCA EM tends to overestimate fishing mortality-
based parameters with information on the youngest ages only (i.e., underestimate age-4
escapement-Figure 197) and underestimate fishing mortality-based parameters influenced by
the full age range during the period following the fishing mortality data time series (F ratio-
Figure 200, i.e., overestimate exploitation- Figure 199 and SPR-Figure 201). Age-6 escapement
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(Figure 198), which includes information on some intermediate ages, appears to be a relatively
well-estimated transitional parameter as the model moves from a tendency to overestimation
to a tendency to underestimation. The SS EM estimates with more random bias across
scenarios than the SCA EM.

The TLA EM consistently estimates lower error rates than the SS EM for recruitment conditions
(Figure 204). The TLA EM produces higher type Il error rates than type | error rates indicating a
tendency to overestimate recruitment. Error rates are evenly split between type for the SS EM
in the scenarios except Miss M and Depr R indicating overall accuracy, but low precision.
Notably, the SS EM produces higher type Il error rates in the Depr R scenario indicating a bias as
would be expected with misspecified recruitment dynamics, but the TLA EM, with its time
period-based reference point, performs just as well or better than in other scenarios.

Error rates in SSB status estimates show patterns dependent on the EM’s bias tendencies. For
example, the SCA EM, which tends to overestimate mature abundance, estimates SSB status
with increasing type Il error as the stock becomes overfished in a higher frequency of iterations
at the end of the Ramp period (Figure 206). Error rates then decrease as the stock starts
trending back towards a not overfished status (e.g., Base scenario) or continues trending to a
more depleted abundance (e.g., High F scenario). The SS EM, which tends to underestimate
mature abundance in scenarios like the Inc Sel scenario, estimates with increasing type | error
rates as the stock trends towards, but just before entering into, an overfished status early in the
Ramp period and as the stock moves from an overfished status to a not overfished status after
the Ramp period. The SCA EM collectively produces the lowest type | error rates for SSB status
estimates, but the highest type Il error rates across scenarios during the Ramp period (Table 75
and Table 76). The SS EM produces the lowest type Il error rates during the Ramp period and
these rates further decline when excluding the Miss M and Depr R scenarios. The TLA EM
included four characteristics as potential indicators of SSB status, but the adult abundance
characteristic consistently outperformed the other candidate characteristics for type Il error
rates (Figure 205). This characteristic was chosen as the final characteristic for comparison to
other EM SSB status error rates and is the intermediate performer, producing error rates
between the other EMs (Table 75 and Table 76).

Similar to patterns in SSB status error rates, the SCA EM, which tends to underestimate F and
SPR ratios, produces high type Il error rates for these status determinations. These error rates
peak as the stock moves between statuses and decline as the model “catches up” with the
correct status when fishing mortality trends in the same direction for additional years (Figure
207 and Figure 208). Error rates become more stable as the stock moves into more stable
fishing mortality regimes in the Post-Ramp period. The other EMs follow similar patterns in
error rates and the TLA EM produces the highest type |l error rates during the Ramp period,
while the SS EM produces the lowest type Il error rates from its more accurate ratio estimates
(Table 75 and Table 76).

Despite often more accurate trend-based abundance estimates (Figure 209 and Figure 210), the
varying magnitudes of bias in fishing mortality-based estimates through time caused mixed
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results for performance of trend-based estimates (Table 77-Table 84, Figure 211 and Figure
212). The biggest improvements in average median relative error occurred for the fishing
mortality-based estimates influenced by the full age range (SPR and F ratios) when using a
multi-year reference period (Table 81). Reductions in relative error ranged from 0.03-0.08.
However, relative error of trend-based escapement estimates tended to increase with increases
as much as 0.14. Precision also tended to decrease for the trend-based estimates.

7.2.3 Southern Stock Results

The SS EM converged on a solution for most iterations (Table 72). The SCA EM experienced
lower convergence rates than the SS EM with rates as low as 67%. Notably, the SCA EM
experienced its highest convergence rate for the 2023 Term Yr scenario (92%).

The SS EM generally estimates with slightly greater precision than the SCA EM during the Ramp
period, while the SCA EM estimates with greater accuracy (Table 73-Table 76). The SS EM
estimates age-1 recruitment very imprecisely relative to other parameters (Figure 193). The
SCA EM and SS EM tend to overestimate abundance for all components of the stock and
underestimate fishing mortality-based parameters.

There is some trending in performance as stock conditions change. The trending for SPR ratios
is less pronounced and consistent across scenarios for the southern SCA EM than was seen in
the northern SCA EM, and similar between southern EMs (Figure 213). There is also no
noticeable trending for mature abundance estimates (Figure 214) as was seen in some
scenarios for the northern SCA EM.

The TLA EM consistently estimates lower error rates than the SS EM for recruitment condition
(Table 75 and Table 76, Figure 215). The TLA EM produces higher type Il error rates indicating a
tendency to overestimate recruitment. Error rates are evenly split between type for the SS EM
in all scenarios except Depr R indicating overall accuracy, but low precision. The SS EM appears
to rely more on the final recruitment dynamics in the Depr R scenario than it does in the
northern stock, as it overestimates recruitment to a greater degree in earlier years (i.e., higher
type Il error rates than other scenarios) and improves later in the time series once the stock has
entered the lower recruitment regime. The TLA EM, again with its time period-based reference
point, performs just as well or better for the Depr R scenario than in other scenarios.

As for the northern stock, the adult abundance characteristic consistently outperformed the
other TLA EM SSB status characteristics for type Il error rates and was chosen as the final
characteristic for comparison to other EM SSB status error rates (Figure 216). All EMs perform
similarly for SSB status estimates during the Ramp period (Table 75 and Table 76). The SCA and
SS EMSs’ tendencies to overestimate abundance result in higher type Il error rates than type |
error rates. Error rates increase as the stock moves from one SSB status to another as the EMs
“catch up” with additional years of trending abundance (Figure 217).

Trends in fishing mortality status error rates show similar patterns as for SSB, peaking as the
stock moves from one mortality status to another and declining as mortality continues trending
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in the same direction or stabilizes (Figure 218 and Figure 219). The tendencies of the SCA EM
and SS EM to underestimate fishing mortality result in higher peaks of type Il error rates than
type | error rates across the time series. Error rates for TLA EM fishing mortality status
estimates follow similar patterns, but this EM produces the lowest type Il error rates across
scenarios during the Ramp period (Table 75). When excluding the Miss M and Depr R scenarios,
the SCA EM and SS EM type |l error rates for mortality status estimates decrease and the SCA
EM produces the lowest error rates (Table 76).

The tendency for southern EMs to estimate parameters with bias, but more consistent bias
through time than seen in the northern stock results in improved performance at trend-based
estimation. There is generally lower relative error for trend-based abundance (Figure 209 and
Figure 210) and fishing mortality (Figure 211 and Figure 212) estimates across scenarios and
EMs in the southern stock. Relative error decreases by as much as 0.13 and standard deviation
of relative error decreases by as much as 0.06 (Table 77-Table 84). There were slightly greater
accuracy improvements when combined over all core population dynamics scenarios and when
using a multi-year reference period, but improvements occurred in all cases. The only case of
worse performance was for precision of the SS EM estimates of three-year fishing mortality
ratios.

7.2.4 Summary Across Stocks

The SS EM convergence rates were generally higher and more consistent between stocks than
the SCA EM (Table 72). The SCA EM generally had lower convergence rates for the southern
stock than the northern stock.

Performance metrics for the SCA EM and SS EM in both stocks generally improved when the
Miss M and Depr R scenarios were excluded. There was little change for the TLA EM. However,
gualitative pairwise comparisons of EMs within stocks were similar between the two groupings
of scenarios. The only changes occurred in the southern stock with the best performer for
fishing mortality status and age-4 escapement changing from the TLA EM to the SCA EM and
the SCA EM to the SS EM, respectively.

The EMs estimating numeric parameters performed differently relative to each other between
stocks. The SS EM tended to estimate with less precision and greater accuracy than the SCA EM
in the northern stock, while the SS EM tended to estimate with greater precision and less
accuracy than the SCA EM in the southern stock. The more accurate EMs for each stock
estimated parameters with similar accuracy (absolute relative error =0.1-0.2), except age-6
escapement which the southern SCA EM estimated with lower accuracy than the northern SS
EM. Age-4 escapement was estimated with very similar accuracy among stocks, EMs, and
grouping of scenarios. Precision for this parameter, however, varied with greater precision in
the southern stock. The southern EMs tend to estimate most parameters more similarly than
the northern EMs.

The EMs estimating recruitment condition performed similarly between stocks, with the TLA
EM performing considerably better (type Il error rates <14%) than the SS EM (type Il error rates
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>25%). Performance estimating other categorical variables varied between stocks. There was
clear separation in performance for SSB status in the northern stock with the SS EM performing
best, the TLA EM being an intermediate performer, and the SCA EM performing worst. There
was less separation between EMs in the southern stock, all producing type Il error rates within
a percentage point of each other. Southern EMs performed better than northern EMs, all
producing error rates lower than the best performer in the northern stock (6%). The EMs
tended to estimate mortality status with similar error rates across stock, with the exception of
the northern TLA EM which estimated with considerably higher error rates (>40%). The EMs
estimating with more accuracy also performed best for mortality status determinations.

The other key differences between stocks was the greater tendency of northern EMs to
estimate parameters with varying accuracy through time, including decreasing accuracy during
periods of rapidly changing population dynamics. This trending resulted in little to no gains
when using the models for trend-based estimates, while southern EMs could provide improved
performance with trend-based estimates.

7.3 Alternative Structural Scenarios

Three additional scenarios were conducted following the core population dynamics scenarios to
address specific questions about stock-recruit relationship parameterizations in the SS EMs and
growth assumptions in the SCA and SS EMs.

7.3.1 Time-Varying Stock-Recruit Relationship

One of the results of the Depr R core population dynamic scenario was that the SS EMs for both
regions were found to estimate the SSB ratios with considerably high imprecision and bias
(Figure 196), indicating some form of model misspecification was occurring. However, impacts
to other parameters were mostly to scale, causing shifting bias with little impacts to trend or
precision. The bias and imprecision of the SSB ratio estimates was found to be caused by
abnormally low values estimated for the steepness parameters as the models tried to
compensate for the underlying change in productivity. In the northern stock, the median
estimated value of steepness across converged iterations (64%) was 0.47, while in the south,
the median estimated value across converged iterations (98%) was 0.66. The median estimated
value of the In(R0O) parameter for the northern region was 7.31 while the median estimated
value of the In(R0O) parameter in the south was 8.99. For both regions, the derived estimates of
SSBso% (i.e., the denominator of the SSB ratio) across converged iterations were found to
sharply decrease with declining estimates of steepness and thereby created the wide-ranging
imprecision and bias to the SSB ratios.

To explore this further, a scenario with the northern SS EM was configured to allow for time-
varying RO (Time-Var R) to evaluate if building in this added complexity would improve
performance for estimating the SSB ratios. As expected, the precision and bias were greatly
improved when this complexity was added (Figure 220) as it more resembled the configuration
of the OM. Convergence rates increased to 100% and the median estimated value for steepness
increased to 0.82. The median estimated value of the In(R0) parameter in the first time block
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(years 1989 — 2029) was 6.97 and declined to a median estimated value of 6.30 in the final time
block (years 2030 —2082). Given these results and the constraints of time and resources, the TC
and SAS did not find it necessary to explore this configuration with the southern stock as the
effect was assumed to be similar.

7.3.2 Steepness

The SS EMs estimated stock-recruit relationships, including the steepness parameters, which
represents a key structural difference from the other EMs which do not have explicit stock-
recruit relationships. A scenario was therefore conducted to evaluate changes to performance
of the SS EMs when the recruitment dynamics were configured to be more similar to the SCA
EMs. Using the Base scenario SS EMs for both regions, the steepness parameters were fixed at
0.99 and recruitment deviations were no longer constrained to sum to zero (Base h). This
change to the EM configurations had impacts to the scale and precision of the SSB ratios (Figure
221), but little impact to trend of these estimates and negligible impacts to other parameters
(Figure 222). Impacts to SSB ratios depended on bias of the Base scenarios, resulting in more
biased estimates for the northern stock and less biased estimates for the southern stock.

7.3.3 Growth

Characterizing red drum growth (see Section 2.3) presents unique challenges which contributed
to the decision to knowingly misspecify growth (i.e., using the von Bertalanffy growth model)
and subsequently, natural mortality in the EMs. A scenario was conducted where the true
growth and natural mortality from the OM was passed to the EMs (Tru Grow&M). The
objective was to help determine the level of priority given to growth modeling and specification
in the upcoming benchmark stock assessment. The TC and SAS were interested to see whether
the performance results would suggest parameters from a more objectively developed non-
traditional growth model (e.g., von Bertalanffy growth model with age-specific k using a model
selection process) for use in the SS and SCA EMs would be worth the dedicated time and
resources to pursue in the upcoming benchmark stock assessment. True natural mortality was
included in this scenario due to an underlying assumption that natural mortality was inversely
related to fish length; thus, changes to fish length-at-age merited changes to the natural
mortality-at-age dependent on those growth assumptions.

In the northern stock, the misspecified growth in the Base scenario resulted in fish estimated to
weigh more for ages between about 8 to the mid-20s and then estimated to weigh less for ages
greater than about 25 years when compared to the Tru Grow&M scenario (Figure 223).
Differences in natural mortality-at-age were primarily observed as lower natural mortality at
age-1 and slightly higher natural mortality for ages greater than about 30 years. (Figure 224). In
the southern stock, the results of misspecified growth were slightly heavier fish around age 10
which were then estimated to weigh less at ages greater than 15 years (Figure 225). The natural
mortality-at-age for fish in the southern stock Base scenario was estimated to be similar to the
natural mortality-at-age in the Tru Grow&M scenario with slightly lower mortality observed at
age-1 and slightly higher mortality observed at ages greater than 25 years (Figure 226).
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The use of true growth and natural mortality had relatively little impact on performance of the
SCA EMs. The bias improved slightly for the southern SCA EM while there were relatively
indistinguishable impacts on the northern SCA EM (Figure 227). However, larger impacts were
observed in the SS EMs, especially in the southern stock where scale estimation became more
positively biased (Figure 227) compared to the Base scenario. This was perhaps due in part to
the estimation of a larger virgin stock size (i.e., larger SSB_0 and RO parameters) which allowed
for the perpetuation of increased biomass throughout the time series. In the northern stock,
the Tru Grow&M configuration improved precision of the SS EM performance but did not
impact scale estimation as observed in the southern stock, resulting in smaller and mixed
impacts throughout the time series.

7.4 Data Prioritization Scenarios

7.4.1 Longline Data Time Series

The sub-scenarios conducted to evaluate effects of changing longline survey data time series
(No LL,15yrs LL, 30 yrs LL, 45 yrs LL, 60 yrs LL) only impacted the northern SCA EM
performance when the earliest years of the survey were excluded from the data set (2007-
2022, Figure 228 and Figure 229). The incorrectly estimated exponential decline of mature
abundance does not occur when these early data are removed from the time series. Similar
effects were seen in the developmental scenarios when removing misspecified fishing mortality
data from the model. This suggests the effects seen here are likely an interaction between the
earliest longline data and the Bacheler et al. 2008 inputs to the model. This conflict with the
Bacheler et al. 2008 data could come from either the fishing mortality estimates input as data,
which would contain information on the cohorts that would have recruited to the longline
survey in the first few years of its operation, the fixed recreational discard selectivity, or both.
Despite the more accurate estimates of the historical population dynamics, sub-scenarios
without the earliest longline data resulted in increased bias throughout the projection period
which is of highest priority in future stock assessments. Further reductions of the time series
had negligible impact on performance. Impacts to the northern SS EM mostly occurred for
estimation of the historical population dynamics (Figure 228 and Figure 229). As the data time
series is shortened, the historical estimates become increasingly biased. Bias in later years
changes slightly across sub-scenarios indicating changes in scale estimates, but in no systematic
pattern.

In the southern stock, there are similar trends in bias between EMs as the data time series is
shortened (Figure 230 and Figure 231). Relative error decreases as the time series is shortened,
but at a greater magnitude for the SCA EM. This pattern indicates a decrease in estimates of
scale as the longline times series is shortened. The SCA EM estimates with more imprecision as
the time series is shortened. The longline data also improve the SCA EM’s performance at
estimating the trend in abundance during the ramp period. Without the longline data during
this period (No LL, 15 yrs LL), the EM estimates a more biased depletion and a more positively
biased rate of recovery (Figure 230). There were similar impacts to the SS EMs between stocks
in that the historical estimates show more trend in bias as the time series is shortened.
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However, due to the southern SS EM’s tendency to overestimate mature abundance, the bias
of the historical estimates is actually trending towards less bias.

7.4.2 Recreational Discard Composition Data

Sub-scenarios dealing with changes to recreational discard composition data impacted the
scale, and, therefore, bias of estimates from the northern EMs (Figure 232 and Figure 233).
These impacts generally reflected a negative relationship between composition data and
estimated bias. The addition of imprecise sampling data resulted in more biased estimates and
the addition of precise sampling data resulted in a further increase to bias. Trends in bias were
similar with the exception of the SCA EMs that retained the fishing mortality data inputs with
the composition sampling data (B2 Dat and Prec B2 Dat). These configurations reduced
trending in bias of SPR ratios during the ramp period that was seen in configurations without
composition sampling data (Base) or without fishing mortality data (B2 Dat&No Fs and Prec B2
Dat&No Fs). Increases in data precision did result in increases to precision of estimates. Aside
from the impact to population parameters, the composition data does impact accuracy of
recreational discard selectivity estimates (Figure 234-Figure 236). Estimates improve as
composition data are added (particularly for older ages in the SS EM -Figure 235) and then
become more precise (particularly for the SCA EM —Figure 236).

In the southern stock, changes to data precision also impacted scale estimation, but the impact
was far greater for the SCA EM than the SS EM (Figure 233 and Figure 234). Both EMs estimated
a smaller stock and the SCA EM shifted to a negative bias for abundance parameters and a
positive bias for fishing mortality-based parameters (i.e., negative bias for SPR-Figure 233). As
with the northern EMs, precision of estimates increased as data precision increased. There
were also some improvements to selectivity estimates as composition data precision increased
(Figure 237 and Figure 238), most notably from the SS EM for the SC_Recreational fleet (Figure
238).

8 CONCLUSIONS AND RECOMMENDATIONS

8.1 Assessment Methodology

8.1.1 Recommended Approach to Characterizing Stock Status in Future Benchmark
Assessment

For the development of recommended approaches to characterize red drum stock status in
future benchmark assessments, we used the performance of our EMs (TLA, SCA, and SS EMs)
for each stock as measured using a suite of performance metrics (see Section 7.2), focusing on
eight parameters identified as the highest priority parameters for performance evaluation
(recruitment condition, SSB status, three-year average SPR ratios, three-year average SPR
status, three-year average fishing mortality ratios, three-year average fishing mortality status,
age-4 escapement, and age-6 escapement). The evaluation was conducted primarily using our
core population dynamics scenarios (Base, High F, Inc Sel, Miss M, Depr R, and 2023 Term Yr)
developed from the OM, however we used the totality of the scenarios explored (e.g.,
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developmental scenarios (see Section 7.1), core population dynamics scenarios (see Section
7.2), alternative structural scenarios (see Section 7.3), and data prioritization scenarios (see
Section 7.4) to inform our overall conclusions. Full descriptions of the results from these
scenarios can be found in Section 7 — herein we summarize major conclusions based on the
totality of the results from the EMs. Due to differences in performance of the considered EMs
between stocks, we developed stock specific recommendations for characterizing stock status
in future benchmark assessments. These recommendations should guide workloads and
preparation for the upcoming benchmark, though, ultimately, the preferred approach will
depend upon fits to the observed data from in situ stocks available in the benchmark.

8.1.1.1 Northern Stock

For the simulated northern stock of red drum, our analyses identified concerns with specific
EMs, leading to recommendations on appropriate models for consideration during the
upcoming benchmark stock assessment. In general, we recommend pursuing both the SS and
TLA assessment approaches in the upcoming assessment for the northern stock of red drum;
we do not recommend further pursuing the SCA model for the northern stock.

Statistical Catch-at-Age

The SCA had two identified and concerning deficiencies detracting from its use as an
assessment model for the northern stock, namely its sensitivity to weighting scheme and
reliance on Bacheler et al. (2008) tag-based data inputs. The model was impacted substantially
by both factors, as evidenced by substantial changes in model results obtained via different
developmental scenarios (Section 7.1). Although the model estimated parameters in the core
population dynamics scenarios with reasonable and even superior precision, this precision was
driven by external fishing mortality inputs and often centered around the most biased
performance of northern EMs.

Despite these concerns, the northern SCA, as parameterized during ASMFC 2017b, will be
updated in the upcoming stock assessment as a continuity run. Beyond its use as a continuity
run, we do not recommend further model development or a continuation of development for
this model after the upcoming benchmark assessment for the northern stock.

Stock Synthesis

We recommend focusing on and developing a length- and age-structured SS model for the
benchmark stock assessment of the northern stock to characterize stock status. The SS model
generally performed as well or better than the other northern EMs in terms of accuracy.
Additionally, the SS model performs relatively well under the 2023 Term Yr scenario. This is
indicated by a general lack of a decrease in precision of the SS model under the 2023 Term Yr
scenario relative to the Base scenario. This provides more confidence in obtaining stock status
information from such a model developed during the upcoming benchmark stock assessment.
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The SS model is more flexible, providing a benefit to the assessment of red drum which has
unique fishery and life history characteristics that pose challenges to traditional statistical
catch-at-age models, particularly in cases like that seen here where the SCA depends on
external fishing mortality inputs. The increased flexibility of the SS modeling approach also
means it can incorporate additional red drum data sets not considered here, like tag-recapture
data available from North Carolina and Virginia. The potential improvement in stock status
determination and precision of stock status estimates via the incorporation of such data could
not be evaluated herein due to limitations of the OM used to simulate the stocks.

Traffic Light Analysis

Our investigation of the TLA suggests there is utility in continuing to develop it as a potential
assessment methodology for red drum. For the northern stock, it is comparable to the SS EM in
making spawning stock biomass status determinations, and generally outperforms SS when
characterizing recruitment condition. Hence the TLA shows utility as a supplementary,
alternative assessment approach for development of SSB status and recruitment condition
determinations. Such development should occur simultaneously with the SS model in the
upcoming benchmark assessment. An additional benefit of further TLA model development is
its relative ease to update; this suggests a TLA approach could be used during interim periods
between formal assessments to update stock status for management advice. However, we do
caution the use of the TLA for fishing mortality status determinations in the northern stock, due
to its poor performance in terms of error rates.

8.1.1.2 Southern Stock

For the simulated southern stock of red drum, our analyses continued to identify concerns with
individual EMs, though the overall similar performance (in terms of bias and precision) of all
three EM approaches leads to our recommendation that all should be pursued in the upcoming
benchmark stock assessment.

Statistical Catch-at-Age

The SCA continues to show sensitivity to changes in weighting schemes, with weighting
affecting mostly convergence rates. However, compared to the effect changing weight had on
the SCA for the northern stock, the change in weighting had less of an effect on scale
estimation and generally did not affect the trend of estimates for either stock. Also, it is unclear
at this point if the weighting in a future assessment would focus on the previously used
weighting hypotheses or instead change to another method (e.g., Francis 2011).

Given this difference in the southern stock SCA model relative to the northern stock SCA model
and its similar to slightly better performance overall relative to the other southern EMs, our
recommendation is to continue pursuit of this model in the upcoming benchmark assessment.
It’s important to note that the results here indicate performance of this model for estimating
the spawning stock biomass status is comparable to the other assessment approaches for the
southern stock, despite this model being viewed as only applicable for sub-adult parameters
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coming into this assessment. Our recommendation of pursuing this model includes for adult-
based estimates.

One caution was indicated by the results for this model that should be considered in the
upcoming benchmark assessment. Though precision of the SCA estimates was reasonable and
comparable to the other considered EM approaches when evaluated for the full simulated time
series, precision drastically decreased under the 2023 Term Yr scenario. This is similar to the
situation noted during the ASMFC 2017 benchmark stock assessment and would likely be the
experience during the upcoming benchmark stock assessment. However, the results also
indicate this deterioration of precision is far worse for estimates on their absolute scale, while
not as severe for scaled, trend-based estimates of fishing mortality-based parameters (Figure
239) or not an issue for trend-based estimates of abundance parameters (Figure 240). The
model is more robust for trend estimation and use of trend-based estimates could offer a
potential mitigation to this issue if experienced in the upcoming benchmark assessment.
Converse to the deteriorating precision, the convergence rates of the southern SCA for the
2023 Term Yr scenario actually improved relative to the Base scenario and offer indication of a
stable model.

During the benchmark assessment, the southern SCA, as parameterized during ASMFC 2017b,
should be updated as a continuity run. Note however the SCA configuration herein employed
for the southern stock differs from this configuration, in that the Florida recreational discard
selectivity is fixed and not estimated, and we recommend pursuing the configuration presented
in this simulation assessment for consideration as the preferred approach in the benchmark.

Stock Synthesis

We continue to recommend development of the southern SS model during the benchmark
stock assessment to characterize stock status. Relative to the southern SCA EM, the southern SS
EM generally estimated with slightly greater precision during the Ramp period, though the SCA
EM estimated with greater accuracy. Further, the SS model remains a more flexible assessment
platform, which should be a benefit to the assessment of the southern stock of red drum with
its unique fishery and life history characteristics that pose challenges to traditional statistical
catch-at-age models. Similar to the northern stock, the increased flexibility of the SS modeling
approach also means it can incorporate additional red drum data sets not considered here, like
tag-recapture data available from South Carolina and Georgia. As noted above, the potential
improvement in stock status determination and precision of stock status estimates via the
incorporation of such data could not be evaluated herein due to limitations of the OM used to
simulate the stocks.

Traffic Light Analysis

Similar to the northern stock, our investigation of the TLA suggests there is utility in continuing
to develop it as a potential assessment methodology for red drum. The southern stock results
indicate the TLA is useful for all metrics, including fishing mortality status which was deemed
unreliable using the TLA for the northern stock. Further, error rates in stock status in terms of
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fishing mortality status and SSB status are comparable to both the SCA and SS EMs for the
southern stock and the TLA continues to outperform the age-structured models in
characterizing recruitment condition. Hence the TLA shows utility as a supplementary,
alternative assessment approach for development of fishing mortality status, SSB status and
recruitment condition determinations. Such development should occur simultaneously with the
other models in the upcoming benchmark assessment. An additional benefit of further TLA
model development is its relative ease to update; this suggests a TLA approach could be used
during interim periods between formal assessments to update stock status for management
advice.

8.2 General Recommendations

Our investigation suggests the SS estimation of steepness may prove useful as a diagnostic tool
(see Section 7.3.2) in the benchmark stock assessment. We recommend trying to estimate
steepness initially and upon initial investigation, if unexpected values of steepness are
estimated, it may be indicative of changes in stock productivity through time or other model
conflicts. If unexpected steepness is estimated, additional work should be done to diagnose
what may be driving the unexpected evidence of steepness and the model can be modified to
address the issue or steepness can be fixed if the cause cannot be diagnosed.

Despite the recommendation to pursue the SS EM in the upcoming benchmark stock
assessment, the model was unsuccessful at characterizing recruitment condition due to high
levels of variability around the estimates. We advocate not using the SS model to develop
management advice based on recruitment condition. However, the results of the simulation
assessment suggest output parameters available via SS can be used for stock status
determination, including metrics related to spawning stock biomass and spawning stock
biomass status which have been unavailable during previous assessments of red drum.

Finally, it became apparent during the review of the results that models, specifically for the
southern stock, generally provided accurate trends in F, SSB, and recruitment. As such, this
suggests a potential alternative management approach for red drum could be developed based
on trends and levels relative to a reference time period. This is similar to the approach used for
the development of stock status recommendations for the ASMFC-managed Atlantic menhaden
(ASMFC 2017a). Work would be needed to define an appropriate time period to develop such a
set of reference points, including input from the Board.

8.2.1 Recommendations for Future Simulation Analyses

We provide a recommendation to explore the cause for trends in bias of models during periods
of big changes in stock dynamics. Such trends were associated with large changes in fishing
mortality in our core population dynamics scenarios, leading to changes in performance for
estimating stock status. During these periods, we generally see changes in accuracy of
parameters. Such changes are troubling from a management perspective, as it is generally
during these real world shifts in stock dynamics that it is most crucial to obtain accurate and
precise estimates of stock status. One possible means to investigate this would be to develop
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an OM that outputs very precise data for incorporation into the EM models. The hope is this
would allow analysts to investigate whether the causes of bias are due to structural issues with
the EMs or a data issue.

8.3 Prioritized Recommendations on Future Monitoring to Improve Assessment

A final objective of the simulation assessment was to conduct a number of scenarios to
evaluate potential data prioritizations that could improve the accuracy and precision of stock
status estimates under various assessment approaches. These scenarios included evaluating the
length of the adult longline survey time series, changes in recreational discard composition data
availability and quality, and impacts of growth misspecification.

Adult Longline Survey

Based on these sub-scenarios, at this time we do not recommend any changes to longline
survey operations across the coast. Though the SCA and SS models generally seemed to be
insensitive to the longline index overall, the longline index is essential to the application of the
TLA analysis for SSB status determination. In addition, further simulation analyses should be
conducted before making any recommended changes to longline surveys. Examples of
additional simulation analyses include a peel of the longline survey in the other direction,
ending the survey prior to the terminal year of the assessment. This could help answer the
guestion of how a future loss of the longline survey data could impact assessment results.

Recreational Discard Composition Data

A data deficiency thought to impact the uncertainty of status determinations in previous
assessments has been the lack of robust recreational discard length- and age-composition
information. This is particularly pertinent to a species such as red drum, whose fisheries are
primarily recreational in nature with a large component of annual fishery related mortalities
being due to catch-and-release. The improvements to recreational discard composition data
indicated general improvements to precision of parameter estimates and improvements for
selectivity estimation for this increasingly important component of the catch (see Section 7.4.2)
and strongly supports the collection of these data. However, further analyses need to be
completed to determine compensation effects resulting in changes to scale estimation, and
therefore bias, and impacts elsewhere when the models are constrained by more precise data.

Growth Misspecification

A lot of time and effort has been expended in past assessments to try and accurately describe
the growth pattern of red drum throughout their life, leading to the development of age-
specific K growth models in this assessment. This is because pursuing statistical growth models
to provide fixed or starting values for assessment models is generally seen as a useful endeavor
in stock assessments. However, results of the scenario evaluating growth misspecification (Tru
Grow&M) had little impact on EM performance in most cases and negative impacts on the
southern SS EM (i.e., increased bias). These results imply development of non-traditional,
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custom growth models external to the assessment models is a lower priority in the upcoming
benchmark stock assessment. While likely efforts would improve the assessment product,
because of the anticipated workload and competing priorities and general insensitivity of the
EMs under different growth model assumptions, it is anticipated greater improvements can be
gained by focusing efforts on other data streams, such as index development, recreational
discard compositions, and tag-recapture data (see below).

Tag-Recapture Data

As noted above, a limitation of the OM models was their inability to generate tag-recapture
data sets mimicking those readily available for assessment approaches. SS has the ability to
directly incorporate such tagging information into assessment models to improve estimates of
stock status, with such exploration of the incorporation of tagging data in red drum
assessments being explored during both SEDAR 44 (SEDAR 2015a) and the South Carolina state-
specific assessment (Murphy 2017). Because of the limitations of the ss3sim package, the
impacts of tagging data incorporation, which a priori would be expected to improve accuracy
and precision of status determinations, could not be evaluated. However, there is an expansive
tag-recapture data set available for both the northern (North Carolina and Virginia data sets)
and southern (South Carolina and Georgia data sets) stocks of red drum. As such, incorporation
of these data sets into the next benchmark stock assessment should be considered a high
priority.
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10 TABLES

Table1. Red drum regulation timeline by jurisdiction for the northern stock.
Year New Jersey Delaware Maryland Potomac River Virginia North Carolina
Pre-1960 No Regulations
1960 .
No Regulations
1971
1973
. " -1
1976 2 flS:\ allowed >32" TL person
day’
1978
1985 No Regulations
1986 14" TL MLL; 2 fish >32" TL
1987 No Regulations person™ day™
1988
1989 No Regulations No Regulations
14" TL MLL; 2 fish >32"TL 14-32" TL slot limit; 1 fish >32"
-1 -1
erson” da . cfi Al
1990 p Y TL; 5 fish person™ day
recreational; 250,000 |b
commecial cap
14" TL MLL 18-32" TL slot limit; 1 fish >32"
1991 TL; 5 fish person'l day’l
14" TL MLL; 2 fish >32"TL recreational; 250,000 Ib
person'1 day'1 commecial cap
1992
1993 18-27" TL slot limit; 1 fish >27"
1994 18" TL MLL; 1 fish >27" TL TL (no sale); 5 fish person™ day
1995 person'1 day'1 ! recreational; 250,000 Ib
1996 commecial cap
1997
1998 18-27" TL slot limit; 1 fish
18-27" TL slot limit; person™ day ™ recreational;
18" TL MLL; 18-27" TL slot limit; 18" TL MLL; 5 fish person ™ day * with 1 fish {250,000 Ib commecial cap &
1999 1fish >27" TL person’ day™® |5 fish person™ day™ with 1 fish |5 fish person™ day™ with 1 fish [18-27" TL slot limit; allowed >27" TL person’™ day™® [100 Ib day™ trip limit
allowed >27" TL person™ day™ |allowed >27" TL person™ day ™ |5 fish person™ day™ with 1 fish
allowed >27" TL person™ day™ 18-27" TL slot limit; 1 fish
-1 -1 : b
2000 person day ™ recreational;
250,000 Ib commecial cap & 5
fish commercial trip limit
2001
2002
2003
2004
2005
2006
2007 18-26" TL slot limit; 18-27" TL slot limit; 1 fish
2008 3 fish person'1 day'1 person'1 day'1 recreational;
2009 18-27" TL recreational slot 250,000 Ib commecial cap & 0-
:z;: limit & 1 fish person™ day™ 10 fish commercial trip limit
18-27" TL slot limit; 1 fish >27" i imit; issi
012 ? o |r1n| 5 1 fis 20-27" TL slot limit; recreeltlonal limit; ' 18-25" TL slot limit; (set by commission
TL person " day : P 18-25" TL commercial slot ) P proclomation) with red drum
2013 5 fish person™ day . § 1 1 5 fish person™™ day N N
2014 limit & 5 fish person ™ day not exceeding 50% total
2015 commercial limit 18-26" TL recreational slot marketable catch (excluding
2016 limit & 3 fish person’* day™ menhaden)
2017 recreational limit;
18-25" TL commerecial slot
2018 limit & 5 fish person™ day™
commercial limit
2019
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Table 2.

Red drum regulation timeline by jurisdiction for the southern stock.

Year

South Carolina

Georgia

Florida

Pre-1925

1925

1953

1955

1960

1971

1973

1976

1978

1985

No Regulations

No Regulations

No commercial use by out of state citizens

12" FL MLL

15" FL MLL

12" FL MLL

12"TL MLL

12" FL MLL

1986

14" TL MLL from June 1-Sept. 1; 1 fish >32" person™ day™

1987

14" TL MLL from June 1-Sept. 1; 1 fish >32" person-" day™;
commercial harvest prohibited

1988

1989

14" TL MLL from June 1-Oct. 1; 20 fish person'1 day'1 & 1 fish
>32" person'1 day'l; commercial harvest prohibited

14" TL MLL; 2 fish >32" TL person* day™

18" TL MLL; 1 fish >32" TL; protected species®

18" TL MLL; 1 fish >32" TL; March-April closure®

Moratorium

1990

14" TL MLL; 20 fish person™ day™ & 1 fish >32" person* day™;
commercial harvest prohibited

14" TL MLL; 2 fish >32" TL person™ day %; 10 fish person™ day™

1991

1992

14" TL MLL; 5 fish person™ day™ & 1 fish >32" person™ day™;
commercial harvest prohibited

14" TL MLL; 5 fish person'1 day'1

1993

1994

1995

1996

1997

1998

1999

2000

14-27" TL slot limit; 5 fish person'1 day'l; commercial harvest
prohibited

2001

2002

2003

2004

2005

2006

15-24" TL slot limit; 2 fish person'1 day'l; commercial harvest
prohibited

14-27" TL slot limit; 5 fish person'1 day"1

18-27" TL slot limit; March-May closed season; 1 fish person™
day™"; prohibition on sale°®

2007

2008

2009

2010

2011

2012

2013

2014

2015

2016

2017

15-23" TL slot limit; 3 fish person"1 day'l; commercial harvest
prohibited

14-23" TL slot limit; 5 fish person™ day™

18-27" TL slot limit; 1 fish person* day™%; prohibition on sale

2018

2019

15-23" TL slot limit; 2 fish person™ day™ & 6 fish boat™ day™;
commercial harvest prohibited

14-23" TL slot limit; 5 fish person™ day™; commercial sale
prohibited

18-27" TL slot limit; 2 fish person™ day™ in NE (Atlantic) and
NW (Gulf) regions; 1 fish person™ day™ for south region;
prohibition on sale

a - harvest moratorium from 11/7/86-2/17/1987

b - harvest moratorium from 5/1-10/1/1987; reopened 10/1/1987 with 18-27" TL slot limit, 5 fish commercial
possession limit & 1 fish recreational possession limit
c - prohibited gigging and spearing on 6/3/1991 (still in effect)
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Table 3. Summary of red drum growth data by stock. Total length (TL) measurements are
in centimeters.

A Northern Southern

8¢ ["MeanTL | MinTL | MaxTL n cv MeanTL | MinTL | MaxTL n cv

0 38 0.9 125 18,690 0.38 25 0.5 19.2 1243 0.9%
1 376 38 59.3 5,595 0.17 32.9 2.5 70.0 35,054 0.21
2 513 232 75.8 7,166 0.17 45.9 25.8 83.0 34,190 0.16
3 65.9 46.0 88.6 1,720 0.10 61.4 29.9 87.4 16,566 0.13
4 79.3 58.5 94.3 276 0.09 70.8 36.5 110.2 9,429 0.10
5 90.5 78.0 100.3 111 0.05 76.0 37.9 1011 3,170 0.09
6 94.8 83.7 105.9 62 0.05 80.8 61.2 105.5 380 0.09
7 96.3 88.0 106.7 56 0.04 87.0 75.2 105.5 82 0.07
8 100.1 87.1 116.2 61 0.05 91.2 71.8 103.0 54 0.06
9 100.9 89.0 113.0 52 0.05 91.2 80.1 110.0 53 0.06
10 103.8 95.0 115.3 76 0.04 92.7 82.0 104.9 60 0.05
11 105.1 96.0 116.4 55 0.04 94.8 86.1 102.0 50 0.04
12 105.0 93.4 119.3 79 0.05 95.0 86.2 107.2 60 0.05
13 104.6 92.0 112.2 40 0.04 97.4 89.6 114.6 54 0.04
14 106.6 98.5 118.0 57 0.04 97.0 89.7 107.9 53 0.04
15 107.6 98.1 127.5 90 0.05 96.7 88.0 108.0 78 0.04
16 108.9 97.0 124.7 72 0.05 98.8 89.6 107.0 66 0.04
17 108.4 98.0 118.4 111 0.04 98.6 90.4 108.0 64 0.04
18 110.5 101.3 119.3 84 0.04 98.9 91.3 108.3 59 0.04
19 109.8 99.0 123.3 76 0.04 100.3 93.7 112.5 55 0.04
20 1113 100.0 130.2 83 0.05 100.1 936 110.3 52 0.04
21 112.8 99.6 127.5 61 0.05 100.3 93.2 107.5 53 0.03
2 112.9 103.2 125.0 62 0.04 101.3 94.7 111.8 52 0.03
23 113.9 104.5 124.8 40 0.04 100.8 90.4 113.3 44 0.04
24 114.6 105.0 125.0 43 0.04 103.0 955 113.0 %) 0.04
25 114.1 101.7 127.5 29 0.06 102.8 97.1 113.4 39 0.04
26 116.0 104.7 125.8 34 0.05 102.6 89.4 117.6 37 0.05
27 116.2 104.3 132.7 35 0.04 103.2 89.1 116.1 26 0.06
28 113.0 99.5 125.0 16 0.06 104.7 95.1 118.3 38 0.05
29 115.3 105.4 124.7 35 0.04 105.4 %.6 117.3 27 0.04
30 116.6 108.0 123.9 20 0.04 105.8 95.0 115.1 26 0.04
31 118.5 106.0 1316 24 0.05 105.5 97.2 116.4 16 0.05
32 117.8 108.1 128.0 23 0.05 107.8 100.1 112.5 8 0.04
33 116.2 109.7 125.7 12 0.04 105.4 99.2 110.6 7 0.04
34 116.6 105.0 129.0 30 0.04 106.9 102.8 113.4 13 0.03
35 118.1 108.8 130.3 24 0.05 108.8 103.7 114.5 5 0.04
36 116.3 107.2 127.4 19 0.05 108.6 104.7 112.4 2 0.05
37 116.8 105.4 125.6 16 0.05 106.8 105.5 108.0 2 0.02
38 119.7 112.1 133.1 18 0.06 106.6 102.8 109.1 5 0.03
39 116.8 109.0 126.1 19 0.04 105.3 103.0 107.6 3 0.02
40 119.5 112.5 132.2 16 0.04 107.0 107.0 107.0 1 NA

41 118.7 104.5 144.1 12 0.08 107.8 107.5 108.0 2 0.00
5 119.3 111.2 128.3 8 0.05

43 120.4 115.0 127.5 6 0.04

44 107.0 107.0 107.0 1 NA

45 119.2 114.5 1216 4 0.03

46 130.4 119.4 141.3 2 0.12

47 118.5 112.0 126.1 5 0.05

48 119.3 118.4 120.0 3 0.01

49 127.9 122.2 133.6 2 0.06

50 118.6 114.0 126.0 4 0.04

51 121.3 121.3 121.3 1 NA

52 126.8 123.3 130.4 2 0.04

53 123.4 116.2 127.5 3 0.05

54 130.0 130.0 130.0 1 NA

55 124.4 124.4 124.4 1 NA

56 126.0 122.2 129.8 2 0.04

57 122.2 122.2 122.2 1 NA

62 122.0 122.0 122.0 1 NA
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