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Assessment of Red Drum Sciaenops ocellatus in Louisiana
2022 Report

Executive Summary

Landings of Red Drum in Louisiana have remained above 5 million pounds per year in the most recent
decade with the exceptions of 2016, 2020, and 2021. The highest harvest on record (over 15 million

pounds) occurred in 1986. After

commercial regulations were enacted in Red Drum Harvest in Louisiana and the GOM
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A statistical catch-at-age model is used

in this stock assessment to describe the

dynamics of Red Drum in Louisiana and adjacent federal waters from 1982-2021. The assessment model
projects abundance-at-age from estimates of abundance in the initial year of the time-series and
recruitment estimates in subsequent years. Minimum data requirements are fishery catch-at-age and an
index of abundance. Landings are taken from the Louisiana Department of Wildlife and Fisheries
(LDWF) Recreational Creel Survey, National Oceanic and Atmospheric Administration (NOAA)
Fisheries commercial statistical records, and NOAA Fisheries Marine Recreational Information Program
(MRIP). Indices of abundance are developed from the LDWF estuarine trammel net survey and the
LDWF component of the Southeast Area Monitoring and Assessment Program (SEAMAP) nearshore
bottom long line survey. Estimates of absolute abundance are taken from the NOAA Fisheries northern
Gulf of Mexico (GOM) mark-recapture experiments. Age composition of fishery catches are estimated
with age-length-keys derived from fishery age samples and a growth model.

Management thresholds have been established, though the Gulf of Mexico Fishery Management Council
(GMFMC), for Red Drum in the state of Louisiana as a 20% spawning potential ratio, which is based on a
30% escapement rate from the inshore fishery. Based on results of this assessment, the Louisiana Red
Drum stock is currently not overfished, but is experiencing overfishing. The current spawning potential
ratio estimate is 40% and the current escapement rate estimate is 20%. The recent downturn in
recreational landings are due to a series of below average annual recruitment to the stock where the most
recent annual recruitment estimates are the lowest of the time-series examined. Management actions will
be needed in order to prevent future overfishing and prevent the stock from becoming overfished.
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1. Introduction

A statistical catch-at-age model is used in this stock assessment to describe the dynamics of Red Drum
Sciaenops ocellatus in Louisiana (LA) and adjacent federal waters from 1982-2021. The assessment
model projects abundance-at-age from estimates of abundance in the initial year of the time-series and
recruitment estimates in subsequent years. The model is fit to the data with a maximum likelihood fitting
criterion. Derivation of each of the data elements used in this assessment are described in detail in the
Data Sources Section, but are summarized here. Commercial landings are taken from National Oceanic
and Atmospheric Administration (NOAA) Fisheries commercial statistical records. Recreational harvest
estimates are obtained from the Louisiana Department of Wildlife and Fisheries (LDWF) Recreational
Creel Program (LA Creel) and estimates hindcast to the historic NOAA Fisheries Marine Recreational
Information Program (MRIP) time-series. Indices of relative abundance are developed from the LDWF
estuarine trammel net survey and the LDWF component of the Southeast Area Monitoring and
Assessment Program (SEAMAP) nearshore bottom long line survey. Estimates of absolute abundance are
taken from the NOAA Fisheries northern Gulf of Mexico (GOM) mark-recapture experiments. Age
composition of recreational fishery catches are estimated with age-length-keys derived from otolith
samples of the fishery (2002-2021) and a growth model (1982-2001). Age composition of commercial
landings are estimated with age samples of the fishery (offshore) and age-length-keys derived from a

growth model (inshore).

1.1 Fishery Status

A comprehensive history of the Red Drum (RD) resource and associated fishery within LA is described in
Hoese et al. (1991) and for the Gulf of Mexico in GMFMC/GSMFC (1984). A current summary of the

Louisiana RD fishery is presented below.
Commercial

Red Drum are no longer allowed to be landed commercially in Louisiana. Prior to 1984, no specific
commercial RD regulations existed in LA. Through the 1950s and 1960s, LA commercial landings of RD
fluctuated between 400,000 to 500,000 pounds annually. By the late 1960s, LA landings began to
increase steadily to nearly 1 million (M) Ibs by 1972 and 2.2M Ibs by 1976 with significant numbers of
juvenile RD taken from inshore waters. Landings decreased to just over 1M Ibs by the late 1970s, which
can be attributed to restricting nets to 1,200 feet in length, prohibiting the use of monofilament gillnets,
and changing the allowable mesh size for gill and trammel nets. Additionally, netting was prohibited in

parts of Lake Pontchartrain, parts of Lake Borgne, and within one mile of the Chandeleur Islands
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beginning in 1978. Then, a rapid expansion of the fishery occurred in 1980 with landings reaching 7.8M
Ibs by 1986.

Prior to 1960, the majority of fish landed in Louisiana were from haul seines and hook-and-line, but
starting in 1970, most of the increase in landings came from the use of gill and trammel nets. An
additional increase in landings after 1985 was the result of an increase in the use of purse seines, which
contributed an additional 3.4M Ibs in landings in 1986. This increased pressure was directed at adults,
whereas the entangling nets were mainly fished inshore and primarily targeted subadults and juveniles.
Prior to the 1980s, most of the RD landed in LA supplied local markets, especially in New

Orleans. However, the popularity of blackened redfish peaked nationwide, especially in New York
markets, and lead to increased demand, which increased harvest of adult RD throughout the 1980s. Given
the increased demand from restaurants, commercial fishermen responded by catching RD in record
numbers during 1986 and 1987. Landings fell dramatically in 1988 as a quota of 1.8M Ibs was established
late in 1987 and was reached by the end of February in 1988. In July of 1988, a commercial harvest
moratorium was established for three years through legislation and that moratorium was extended
indefinitely in 1991, although a few thousand pounds were still reported landed sporadically until 1998.

Recreational

Red Drum has always been one of the more popular fish with LA anglers. There are numerous mentions
of people targeting them along the extensive marsh coastline since the mid-1800s and early 1900s (Daily
Picayune 1892; Meise 1930). Norris (1865) mentioned RD in the GOM as a fish that will *...afford fine
sport. They strike boldly, and run off thirty or forty feet of line at the first dash; as the mouth is fleshy,
they are seldom lost when fairly hooked.”

In 1984, LDWF conducted a recreational angler survey of nearly 13,000 individuals at various access
points coast-wide (Adkins et al. 1990). Spotted Seatrout and RD were the preferred species of most
anglers (63.8% and 49.3% respectively). Their results indicated that RD catches were lowest in the late
spring and peaked in the fall (October-December). In an earlier survey in Barataria Bay (1975-1977)
published by Guillory and Hutton (1990), Louisiana recreational anglers caught RD primarily with live
bait (38.4%) and dead/cut bait singly (29.1 %) or in combination with artificial baits (18.2%).

Kelso et al. (1994) surveyed LA saltwater anglers and found similar results to Adkins et al. (1990) with
the majority of respondents (56.1%) preferring Spotted Seatrout and 36.2% of respondents indicating a
preference for RD. The results were reversed when asked about night fishing activities with the majority
(53.1%) preferring RD over Spotted Seatrout. Flounder was the third most targeted species in either day
or night fishing (Kelso et al. 1994). Recent LDWF unpublished LA Creel data (2017-2020) of statewide
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private inshore and shore based anglers indicates RD are the target of choice 37% of the time (Spotted
Seatrout = 40% and no target = 18%) with a higher proportion of anglers targeting RD from the

Vermilion Basin westward.

There were no regulations on the recreational harvest of RD in Louisiana prior to 1984 when a
recreational bag limit was set at 50 RD and/or spotted seatrout per day in combination with no minimum
size limit and only two fish >36 inches allowed. The first minimum size limits of RD were established in
1987. After their popularity increased with the blackened redfish craze in the mid-1980s, the Louisiana
legislature approved gamefish status for RD in 1988.

The trends in recreational harvest since 1982 follow regulatory changes fairly well with a gradual
reduction in harvest through 1987 under the first minimum size limits and new bag/possession limits, and
the sharp decline in 1988 with the closing of all RD fishing from February through June and the new daily
bag of 5 fish/angler that began in July 1988. Recreational harvest has increased steadily since RD
attained gamefish status with exceptions during extraordinary years with active tropical storm seasons or

following severe winters with major freeze events.

1.2 Fishery Requlations

The LA RD fishery is governed by the Louisiana State Legislature, the Wildlife and Fisheries
Commission, and the LDWF. A review of LA commercial and recreational RD regulations are presented

below.

Commercial

The RD fishery in Louisiana was mostly unregulated until the late 1970s. In 1977, monofilament
webbing was banned in all saltwater nets (except those engaged in the underutilized species program
while fishing pompano and black drum). In that same year, a maximum net length of 1,200 feet with a
minimum mesh size of 2-inch bar for saltwater gillnets and a minimum 1-inch bar for the inside wall of
saltwater trammel nets and fish seines was established. Additionally, netting was prohibited in parts of
Lake Pontchartrain, parts of Lake Borgne, and within one mile of the Chandeleur Islands beginning in
1978. In 1980, a minimum bar size of 3-inches was established for the outer layer of saltwater trammel
nets and further restrictions in 1983 mandated that all saltwater trammel nets consist of three layers. Size
limits were first established for the commercial RD fishery in 1984 when a commercial slot limit of a
minimum of 16-inches and a maximum of 36-inches total length was established. Also in 1984, further
net restrictions were put in place that required a 1 %-inch bar for all saltwater gillnets and a 1 5/8-inch bar
for the inside wall of saltwater trammel nets with a maximum mesh size of 12-inches bar for the outside

of trammel nets. By 1986, the commercial slot limit maximum was reduced to 30-inches total length and
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all vessels carrying purse seines were banned from possessing red drum. In 1987, commercial net and
size regulations were changed again by adjusting the commercial slot limit to a minimum of 18-inches
and a maximum of 30-inches total length and minimum bar mesh sizes were changed to 1 ¥-inches for
the inside wall of trammel nets and 1 ¥-inches for saltwater gillnets. A commercial quota of 1.8M Ibs
was also established in September of 1987. In February of 1988 the commercial RD fishery in Louisiana
was closed after reaching the quota and a 3-year moratorium was established on commercial harvest
while the Louisiana legislature granted gamefish status to RD in the same year. In 1991 the commercial
harvest moratorium on RD was extended indefinitely and remains in place to date with no commercial

harvest of RD allowed in Louisiana.
Recreational

In 1984, recreational RD harvest regulations were implemented that established a recreational creel limit
of 50 fish (combined RD and Spotted Seatrout) with no minimum size limit, but did include a maximum
size limit of no more than two fish over 36-inches total length. In 1986, recreational size limits were
adjusted to allow for no more than 2 fish over 30-inches total length. In 1987, a slot limit was enacted
that established a minimum size of 14-inches total length and incorporated a maximum size of 30-inches
total length, with no more than 2 fish over 30-inches allowed. Two changes in recreational size limits
occurred in 1988, with a recreational minimum size limit of 15-inches total length implemented in
January of that year with no change in creel or maximum size limits. In July of 1988, the recreational
creel limit was changed to 5 fish per person and the slot limit was changed to a 16-inch total length
minimum and a 27-inch total length maximum with no more than one fish over 27-inches allowed. In
1997, an allowance for two days possession of RD was made when on land or if a recreational saltwater
angler is aboard a trawler engaged in commercial fishing for a consecutive period of longer than 25 hours.
Further modifications to possession limits were made in 2018 that allowed for 3 times the daily
possession limit if an angler launched from a publically accessible launch below Highway 90 and the
angler has been actively on the water or at a remote camp only accessible by water for two days or more.
In 2018, exceptions were also made for possession of red drum fillets. An angler, who launches from a
access point south of Highway 90 and has been actively on the water or at a remote camp only accessible
by water, can possess filleted RD, up to the possession limit of RD so long as there is sufficient skin

remaining to identify the fillet to species and that the fillet is no less than 14-inches in length.

1.3 Trends in Harvest

Time-series of commercial RD landings (LA inshore and GOM offshore), and LA recreational RD
landings and live releases (1982-2021) are presented (Tables 1, 2, and 3). See Section 2.2 for details of

each data source.
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Commercial

Time-series of commercial RD harvest in the Gulf of Mexico are presented in Tables 1-2 and Figure 1.
Red Drum are no longer allowed to be landed commercially in Louisiana. Through the 1950s and 1960s
commercial landings of RD in Louisiana fluctuated between 400,000 to 500,000 Ibs annually. By the late
1960s, Louisiana RD landings began to increase steadily to nearly 1M Ibs by 1972 and 2.2M Ibs by
1976. Some of the decline in landings in the late 1970s can be attributed to net restrictions established
throughout the decade. A rapid expansion of the fishery then occurred in 1980 with landings reaching
7.8M Ibs by 1986. Most of the increase in landings came from the use of gill and trammel nets. An
additional increase in landings after 1985 were the result of an increased use of purse seines, which
contributed an additional 3M Ibs to the landings in 1986. Landings fell dramatically in 1988 as a quota of
1.8M Ibs was established late in 1987 and was reached by the end of February 1988. In July of 1988, a
commercial harvest moratorium was established for three years through legislation and that moratorium

was extended indefinitely in 1991, although some RD were reported landed in a few years until 1998.

Recreational

Recreational landing estimates of RD in LA has varied considerably over the available time-series from a
minimum of 0.44M fish harvested in 1988 to a peak of 2.0M fish harvested in 2010. After 1988,
recreational RD landings generally increased up to 1.7 million fish harvested in 2000. Landings
decreased between 2000 and 2005 to 0.93 million fish harvested in 2005. After 2005, recreational
landings increased again to the peak of 2.0 million fish in 2010 before declining to 1.0 million fish landed
in 2016. Landings increased again in 2017 and 2018 to 1.6 and 2.0 million fish respectively and then
declined to 1.1 million fish harvested in 2020 and 0.74 million fish harvested in 2021.

Estimates of recreational live release are substantial when compared to the landings estimates. After
implementation of recreational minimum size limits, more RD were released than harvested. In the most

recent decade, live releases comprised 59% of the total recreational catch.

2. Data Sources

2.1 Fishery Independent

LDWF Trammel Net Survey

The LDWEF fishery-independent (FI) estuarine trammel net survey is used in this assessment to develop
an index of relative abundance (1985-2021) and corresponding age compositions as inputs of the
assessment model. Below is a brief descriptions of the surveys methodology. Complete details can be
found in LDWF (2018).
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For sampling purposes, coastal Louisiana is currently divided into five LDWF coastal study areas
(CSAs). Current CSA definitions are as follows: CSA 1 — Mississippi State line to South Pass of the
Mississippi River (Pontchartrain Basin); CSA 3 — South Pass of the Mississippi River to Bayou Lafourche
(Barataria Basin); CSA 5 — Bayou Lafourche to eastern shore of Atchafalaya Bay (Terrebonne Basin);
CSA 6 — Eastern shore of Atchafalaya Bay to western shore of Freshwater Bayou Canal
(Vermillion/Teche/Atchafalaya Basins); CSA 7 — western shore of Freshwater Bayou Canal to Texas
State line (Mermentau/Calcasieu/Sabine Basins).

The LDWF Marine Fisheries Section conducts routine standardized sampling within each CSA as part of
a long-term comprehensive monitoring program to collect life-history information and measure relative

abundance/size distributions of recreationally and commercially important species.

The trammel net survey is conducted with standardized design from October-March. Hydrological and
climatological measurements are taken with each biological sample, including water temperature,
turbidity, conductivity and salinity. Survey gear is a 750-foot long and 6-foot depth net, consisting of 3
walls constructed of nylon. The inner wall has 1 5/8-inch bar mesh wall, and the two outer walls have 6-

inch bar mesh wall.

Samples are taken by ‘striking’ the net. All captured RD are enumerated and a maximum of 50 randomly
selected RD are collected for length measurements, gender determination, and maturity information.
When more than 50 RD are captured, catch-at-size is derived as the product of total catch and

proportional subsample-at-size.

This survey was conducted from 1985 to October 2013 at fixed sampling stations within each CSA. In
October 2010, additional fixed stations were added to allowing more spatial coverage within each CSA.
Beginning in 2013, the survey design was modified where sampling locations are now selected randomly

from the established stations within each CSA (Figure 2).

SEAMAP Inshore Bottom Long Line Survey

The SEAMAP nearshore bottom long line (BLL) survey complements the existing long-term survey
conducted by NOAA Fisheries but focuses on the shallow nearshore depths of the northern GOM. Study
objectives are to characterize shark and finfish distributions and abundance in the shallow nearshore
depths. The LA component of the SEAMAP nearshore BLL survey conducted by LDWF is used in this
assessment to develop an index of relative abundance of adult RD (2015-2021) and corresponding age
compositions as inputs of the assessment model. Below is a brief descriptions of the survey methodology.
Complete details can be found in SEAMAP (2013).
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The inshore BLL survey is conducted with standardized design using a 1 nautical mile longline with 100
equally spaced ganglions and hooks. A single bait type is used to reduce to minimize variability in catches
associated with the bait used. Sample locations are chosen randomly (Figure 3) and the gear is fully
deployed and allowed to soak for one-hour before retrieval at each location while environmental
measurements are collected. The gear is typically set parallel to depth contours and catch data are

collected as the long line is retrieved.

NOAA Fisheries Mark-Recapture Experiments

Estimates of absolute abundance of RD are available from experiments conducted in the northern GOM
waters from Alabama to Texas in 1986-1987 (Nichols 1988) and a decade later (Mitchell and Henwood
1998). Below are brief descriptions of the two studies.

Both studies utilized purse seines to capture schooling red drum where a proportion of the catches were
tagged and released. After several months at large, the offshore schools were resampled to determine the
ratio of tagged to untagged fish in the population. Abundance estimates in the study area were then
calculated using the Peterson method after accounting for tagging mortality, tag shedding, and the fraction
of mortality that occurred between the initial sampling and resampling events. Because the studies did not
cover the entire range of RD in offshore waters of the northern GOM, estimates were expanded to account

for RD occurring outside of the study area. However, the study area did include all of Louisiana.

The estimate of adult RD from the first study (Nichols 1988) without expansion to outside the study area
was 5.3 million fish with a relative standard error (RSE) of 17% (Table 4). The latter study (Mitchell and
Henwood 1998) unfortunately encountered poor weather conditions which impeded the resampling of the
adult RD schools, and no recaptures were made in the western zone of the study (west of the Mississippi
River). Estimates of abundance were reported for 3 scenarios in the western zone (0 recaptures, 1
recapture, and 2 recaptures) due to the poor sampling conditions and lack of recaptures (Table 4). The
estimated abundances for the entire study area without expansion to outside the study area from each

recapture scenario were 15.1, 7.8, and 5.4 million fish respectively (RSE= 68%).

Age Composition of Offshore Schools

The age composition of offshore RD schools have been sampled by researchers with NOAA Fisheries and
the Louisiana State University (LSU) College of the Coast and Environment (CCE) as part of the Marine
Fisheries Initiative Program (MARFIN). These studies randomly sampled offshore RD schools using
methods similar to the earlier offshore fishery (i.e., spotter planes and commercial purse seine vessels).
Some of these data were collected to characterize the age composition of offshore RD as part of the mark-

recapture studies described above. The age frequency data available from these projects, converted from
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biological to calendar ages, are presented in Table 5 (data courtesy of Dave Neiland, formerly with LSU
CCE). The 1987 and 1997 age frequencies are used to represent the age composition of the NOAA

Fisheries mark-recapture estimates in the assessment model.

2.2 Fishery Dependent

Commercial

Commercial RD landings are taken from NOAA Fisheries commercial statistical records as reported in
the most recent federal red drum stock assessment (Porch 2000; Table 1). In the assessment model,
inshore LA landings are used to represent the inshore commercial fishery operating in LA waters and the
Gulf of Mexico (GOM) offshore landings are used to represent the offshore commercial fishery that
operated across state boundaries. Estimates of commercial live releases are not available and are not

considered further in this assessment.

Size compositions of LA inshore commercial harvest and GOM offshore commercial harvest are
available from historical port sampling (Russell 1988; Figure 4). No age composition samples are
available for the LA inshore commercial inshore fishery. The size composition information from the
Russel samples collected from the inshore fishing gears (hook and line, trammel nets, and non-runaround
gillnets) are pooled to develop a single size distribution to represent LA inshore commercial landings
(Table 5). Ages are then assigned to the inshore commercial catches from a growth model (see 5. Catch at
Age Estimation). Age composition samples of landings of the offshore purse seine fishery are available
for a limited number of years (Beckman 1989; Table 5). The size composition information from the
Russel samples collected from the offshore fishing gears (purse seines, haul seines, and runaround
gillnets) are pooled (Table 5) to represent GOM offshore commercial landings for purposes of mean

weight calculations.
Recreational

Recreational RD landings and live release estimates (Table 3) are taken from the LDWF recreational creel
survey (LA Creel; 2014-2021) and estimates hindcast to the historic MRIP time-series (1982-2013;
details in Appendix 1). Consequently, the pre-2014 recreational estimates used in this assessment differ

from the LA estimates currently published by MRIP (https://www.st.nmfs.noaa.gov/recreational-

fisheries/data-and-documentation/queries/index). Furthermore, due to changes made to the MRIP Access

Point Angler Intercept Survey (APAIS) in 2013 (see https://www.fisheries.noaa.gov/topic/recreational-

fishing-data#making-improvements) and the recent transition from the MRIP Coastal Household

Telephone Survey to the new Fishing Effort Survey (FES; see

https://www.fisheries.noaa.gov/recreational -fishing-data/types-recreational -fishing-surveys#fishing-
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effort-survey), harvest estimates currently available from MRIP also differ from those used in prior
LDWF RD stock assessments (LDWF 1997, Shepard 2005, Blanchet 2006). Live releases are further

delineated as undersized/non-undersized with the LA Creel and MRIP catch disposition codes.

Annual seasonal size compositions of RD harvest estimates are derived from the LDWF Biological
Sampling Program (2014-2021; Table 6) and MRIP (1982-2013, post APAIS and FES calibration
changes; Table 6). Seasons represent January—April (season 1), May-August (season 2), and September-
December (season 3). Size compositions from the LDWF Biological Sampling Program are derived by
statistically weighting the size composition samples by the corresponding recreational landings estimates
for each basin (CSA) and mode of fishing (Private and Charter). Size compositions of non-undersized live
releases are assumed equivalent to harvest. Size composition of under-sized releases in each year and
season are estimated by pooling the annual seasonal size frequency information available prior to
implementation of the 16-inch MLL and using those distributions as a proxy of undersized catches
beginning in 1988.

Ages of recreational red drum landings are derived from a growth model (1982-2001) and otoliths

collected from the recreational fishery (2002-2021; see 5. Catch at Age Estimation).

Bycatch

Menhaden Reduction Fishery

Time series of incidental catch of RD from the LA menhaden reduction fishery have been developed from
observations of retained and released red drum CPUE (numbers per purse seine set) and annual effort
estimates of the menhaden reduction fishery (LDWF 2020, see Appendix 2). The mean estimates of red
drum bycatch in the most recent decade indicate low levels of RD bycatch relative to the landings of the
directed LA fisheries (~2% in units of weight). The time series of mean RD bycatch estimates from the
LA menhaden reduction fishery are included as a fleet in the base assessment model (see 6. Assessment
Model).

Shrimp Fishery

Bycatch has been characterized for the 2019-2020 inshore LA shrimp fishery (Cagle and West 2020; see
Appendix 3). Incidental catches were only observed for 5 large red drum that were all released alive. The
total LA inshore bycatch of red drum can be estimated over the study period (July 2019 through June
2020) as the product of inshore LA effort over that period (number of trips=37,203) and the RD CPUE
estimate of the bycatch study (5 individuals/ 33 trips observed=0.152) which equates to 5,637 fish. Due to
the low level of RD bycatch in the LA shrimp fishery relative to the landings of the LA directed fisheries
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(<1% in units of fish in 2020), incidental RD catches of the LA inshore shrimp fishery are not considered

further in this assessment.

Incidental RD catches also occur in the offshore GOM shrimp fishery. Estimates of offshore incidental
RD catches presented in the most recent federal assessment (Porch 2000) indicates that gulf-wide offshore
shrimp fishery RD bycatch was substantial when compared to the recent LA inshore bycatch estimates.
The estimated bycatch of RD from the GOM offshore shrimp fishery was just over 200,000 fish in 1998
with estimates exceeding 300,000 fish in a few earlier years. The most recent bycatch study from the
GOM offshore shrimp fishery (Scott-Denton et al. 2012) indicates RD as only a small fraction of the total
catch (<0.25%). However, an up-to-date time series of estimates of incidental RD catches of the GOM
offshore shrimp fishery is currently unavailable and are not considered further in this assessment (see 8.
Research and Data Needs).

3. Life History Information

3.1 Unit Stock Definition

Red drum occur in estuaries and the nearshore and offshore habitat along the Atlantic and Gulf Coasts
from the Gulf of Maine southward through the GOM into northern Mexico (GMFMC/GSMFC 1984).

Studies using mitochondrial DNA markers (Gold and Richardson 1991, Gold et al. 1994) found
significant differences in the frequencies of haplotypes of GOM and Atlantic RD, implying that GOM and
Atlantic RD populations are genetically distinct. A more recent study using microsatellites to assess
population structure and gene flow of RD in the northern GOM (Gold and Turner 2002) found significant
genetic divergence across the northern GOM, but concluded that the genetic differences to not delineate
subpopulations or stocks with fixed geographical boundaries. Approximate estimates of geographic
neighborhood size from this study indicate that northern GOM adult red drum may migrate from 700 to

900 kilometers away from their natal estuaries.

For purposes of this assessment, the unit stock is defined as those RD occurring in LA and adjacent

federal waters.

3.2 Morphometrics

Parameter estimates from a weight-length regression fit to LDWF FI red drum datasets (see Appendix 4)

are used in this assessment to calculate weight from size as:
W = 0.000248 x (TL)31003 [1]

where W is whole weight in pounds and TL is total length in inches.
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Fish with only FL measurements available are converted to TL from the following relationship reported
in Porch (2000):

TL=1.092xFL-1.01 [2]
where fork length is in units of inches.
3.3 Growth

Parameter estimates from a damped growth model (Porch et al. 2002) fit to LDWF FI red drum datasets
(see Appendix 4) are used in this assessment to calculate RD length at age. This model provides a better
fit to LDWF length at age data than the traditional three-parameter von Bertalanffy model. Red drum total

length-at-age is calculated with the damped growth model as:

TLa = 38.0 X (1 _ eﬁ1—0.460(t+0.321)) [3]

—-0.196 , _
ﬂl - ( 0.298t __

= 0.321x0.298)
0.298

e

where TL, is TL-at-age in inches and years.

3.4 Fecundity / Maturity / Sex Ratio

Red drum are group-synchronous batch spawners that spawn each fall from mid-August into October
(Wilson and Neiland 1994). To realistically estimate annual fecundity, the number of eggs spawned per

batch and the number of batches spawned per season must be known.

For purposes of this assessment, estimates of batch fecundity and spawning frequency are calculated from
the relationships reported in the latest federal assessment report (Porch 2000). Batch fecundity (BF) and

spawning frequency (SF) are calculated as functions of age from:

SF, = (1.07 + 0.847 X In(a))* [4]

19.5

BE, = ™%~ a)  [5]
The maturity at age estimates reported in the latest federal assessment are also used for purposes of this
assessment where the proportion of females estimated to be mature were 0, 0.05, 0.25, 0.62, 0.90, and 1.0

for ages 1-6 and older.

Wilson and Nieland (1994) reported sex ratios for mature RD sampled from offshore schools in the
northern GOM were not significantly different from 1:1. Sex ratios observed in red drum catches of the
SEAMAP nearshore BLL survey conducted by LDWF are also not significantly different from 1:1. For

purposes of this assessment, the sex ratio is assumed to be 1:1 across ages.
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The age-specific mean annual fecundity of a female fish is then estimated as the product of the batch

fecundity, spawning frequency, maturity, and sex ratio at age estimates from above.

3.5 Natural Mortality

Red drum can live to at least 39 years of age (LDWF unpublished data). For purposes of this assessment,
a value of average M is calculated based on the observed longevity of the species (max. age=39 yrs,
M=0.116; Hoenig 1983), but is allowed to vary with weight-at-age to calculate a declining natural
mortality rate with age (Table 7). Following SEDAR 12 (SEDAR 2006), the average value of M is
rescaled where the mean mortality rate over ages vulnerable to the fishery is equivalent to the average M

rate as:

nL(a)
somax, g O]

ac

M,=M

where M is the average natural mortality rate over exploitable ages a, a4 is the oldest age-class, a. is
the first fully-exploited age-class, n is the number of exploitable ages, and L(a) is the Lorenzen curve as

a function of age. The Lorenzen curve as a function of age is calculated from:

L(@) = W02 [7]
where -0.288 is the allometric exponent estimated for natural ecosystems (Lorenzen 1996) and W, is

weight-at-age.

3.6 Discard Mortality

Reported short-term discard mortality estimates of RD vary with fish size, bait/hook type, and anatomical
hooking location (LDWF unpublished data, Vecchio and Wenner 2007). Discard mortality estimates from
these studies range from 1% up to 10%. For purposes of this assessment, a constant rate of discard
mortality across time and fish size/age is assumed (5%). For modeling purposes, stock losses due to
discard mortalities are incorporated directly into the catch-at-age estimates (see 5. Catch at Age
Estimation).

3.7 Relative Productivity and Resilience

The key parameter in age-structured population dynamics models is the steepness parameter (h) of the
stock-recruitment relationship. Steepness is defined as the ratio of recruitment levels when the spawning
stock is reduced to 20% of its unexploited level relative to the unexploited level and determines the
degree of compensation in the population (Mace and Doonan 1988). Populations with higher steepness
values are more resilient to perturbation and if the spawning stock is reduced to levels where recruitment
is impaired are more likely to recover sooner once overfishing has ended. Generally, this parameter is

difficult to estimate due to a lack of contrast in spawning stock size (i.e., stock size and corresponding
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recruitment information not available at both high and low levels of stock size) and is typically fixed or
constrained during the model fitting process. Recent stock assessments of Red Drum in the Atlantic and
in Florida waters have considered steepness values ranging from 0.99 to 0.65 (SEDAR 2015; Chagaris et
al. 2015).

Productivity is a function of growth rates, natural mortality, age of maturity, and longevity and can be a
reasonable proxy for resilience. We characterize the relative productivity of GOM RD based on life-
history characteristics, following SEDAR 9 (SEDAR 2006a), with a classification scheme developed at
the FAO second technical consultation on the suitability of the CITES criteria for listing commercially-
exploited aquatic species (FAO 2001; Table 8). Each life history characteristic (von Bertalanffy growth
rate, age at maturity, longevity, and natural mortality rate) is assigned a rank (low=1, medium=2, and
high=3) and then is averaged to compute an overall productivity score. In this case, the overall
productivity score is 1.50 for GOM RD indicating medium to low productivity. The von Bertalanffy
growth rate typically used in the above analysis is substituted with the mean growth rate across ages from
the damped growth model evaluated at the midpoint of the calendar year and weighted by expected

survivorship-at-age (k = 0.259).

4. Abundance Index Development

Red drum indices of abundance (IOA) are developed from the LDWF FI estuarine trammel net survey

and the LDWF component of the SEAMAP FI nearshore bottom long line survey.

Catch per unit effort (CPUE) for the trammel net survey is defined as the number of RD caught per
trammel net sample. Trammel net samples collected during the months of January, February, and March
are grouped with the previous year’s October, November, and December samples for IOA development
(e.g., October-March 1989-90 denoted as 1989). Catch per unit effort for the nearshore bottom long line
survey is defined as the number of RD caught per 100 hook/hour. To reduce unexplained variability in
catch rates unrelated to changes in abundance, each I0A was standardized using methods described

below.

A delta lognormal approach (Lo et al. 1992; Ingram et al. 2010) is used to standardize RD catch-rates in

each year as:

I, =cyp, [8]
where c,, are estimated annual mean CPUEs of non-zero red drum catches assumed as lognormal
distributions and p,, are estimated annual mean probabilities of red drum capture assumed as binomial

distributions. The lognormal and binomial means and their standard errors are estimated with generalized
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linear models as least squares means and back transformed. The lognormal model considers only samples
in which red drum are captured; the binomial model considers all samples. The IOA is then computed

from equation [6] using the estimated least-squares means with variances calculated from:

V(L) = V(cy)pz + czV(py) + 2¢ypyCov(c,p) [9]

where Cov(c, p)~ p.p[SE(cy)SE(py)] and p,, represents the correlation of ¢ and p among years.

Variables considered in model inclusion for the trammel net survey were year, CSA, and sampling
location. Variables considered in model inclusion for the nearshore BLL survey were year and NOAA
Fisheries statistical grid. All variables were categorical in both models. Because only seasonal samples
are included (i.e., October-March for the trammel net survey and May-September for the nearshore BLL
survey), time of year was not considered in model inclusion. To determine the most appropriate models,
we began the model selection process with a fully-reduced model that included only year as a fixed effect.
More complex models were then developed including interactions and random effects and compared
using AIC and log-likelihood values. All sub-models were estimated with the SAS generalized linear
mixed modeling procedure (PROC GLIMMIX; SAS 2008). In the final trammel net IOA sub-models,
year was considered a fixed effect, CSA was considered a random block effect, and sampling locations
within CSAs were considered random subsampling block effects. In the final nearshore BLL I0OA
submodels, year was considered a fixed effect and NOAA Fisheries statistical grids were considered

random block effects.

Sample sizes, nominal proportion of positive samples, nominal CPUE of positive samples, standardized
indices of abundance, and coefficients of variation of the standardized indices are presented (Tables 9 and
10).

5. Catch at Age Estimation

Red drum spawn across a harrow window from mid-August into October (Wilson and Neiland 1994) with
October 1% typically assumed as the biological birthdate. However, for purposes of this assessment, RD
ages are assigned based on the calendar year by assigning a January 1% birthday, where RD spawned the

previous year become age-1 on January 1% and remain age-1 until the beginning of the following year.

Seasonal age-length-keys (ALKSs) are developed to estimate the annual age composition of recreational
red drum landings, inshore commercial landings, and survey catches as described below. The age
composition samples available from the offshore commercial fishery (1987-1988) and the nearshore BLL
survey (2018-2020) are used to represent the annual age composition of the offshore landings and survey

catches for those years with available age samples.
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5.1 Fishery

1982-2001: Seasonal s probabilities of age a given length [ for recreational and inshore commercial RD
landings are computed from:

P(l|a)s

P@lDs =5 1)

[10]

where the seasonal probabilities of length given age are estimated from normal probability densities as:

l+d

1
P(lla), = mfl_d exp

[~ ar

where length bins are 1 inch TL intervals with midpoint [, maximum [ + d, and minimum [ — d lengths.
Seasonal mean total length-at-age [, are estimated from Equation [3]. Seasons represent January-April
(season 1), May-August (season 2), and September-December (season 3). The standard deviation of
seasonal mean length-at-age is calculated from ag,, = I, CV;, where the coefficient of variation in length-
at-age is assumed normally distributed and changes linearly with age from a CV of 0.203 for age-0 fish to
a CV of 0.0754 for age-5 fish and a uniform CV of 0.0499 for fish age-6 and older (see Appendix 4). To
approximate changes in growth and vulnerability to the fishery through the year, mean [, is calculated at
the mid-point of each season of the calendar/model year. The resulting P(a|l), matrices (Table 11) are
used to assign ages to recreational fishery RD landings from 1982-2001 and for instances discussed below
where minimum sample size requirements are not met. The season 2 (May-August) ALK is used to assign

ages to the LA inshore commercial RD landings.

2002-2021: Annual seasonal probabilities of age given length for recreational fishery landings are

computed from:

P(a|l)sy = Masy  [12]

Ya Niasy

where n;q4,, are annual seasonal recreational RD sample sizes occurring in each length/age bin. When
row samples sizes (3, 145y) are <10, the P(a|l) for that total length interval is estimated with Equation

[10]. Resulting P(all)s, matrices are presented (Table 12).
Annual recreational catch-at-age from 1982-2021 is then calculated as:
Cay = le Clsy P(all)sy [13]

where Cj,,, are annual seasonal catches-at-size in TL, and P(a|l), are taken from Equations [10 or 12].

Recreational discard mortalities are incorporated directly into the recreational catch-at-age by applying a
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5% discard mortality rate to the estimated live releases-at-size and combining them with the harvest-at-

size estimates.

For modeling purposes, catches>age-10 are summed into a plus group. Resulting annual recreational
catch-at-age, commercial catch-at-age (as proportions at age), and corresponding mean weights-at-age are
presented (Tables 13-15). Annual recreational mean weights-at-age are calculated from the annual
recreational size/age composition information. Inshore and offshore commercial mean weights are

calculated from the available commercial size/age composition information.

5.2 Survey

Probabilities of age given length for RD catches of the LDWF estuarine trammel net survey (1985-2021)
and the LDWF component of the SEAMAP nearshore BLL survey (2015-2017 only) are computed from
equation [10]. Mean total length-at-age is estimated from equation [3]. The standard deviation in length-
at-age is calculated as described above for the fishery. To approximate trammel net survey timing (i.e., a
January 1% midpoint), mean total length-at-age is calculated at the beginning of the calendar year. To
approximate the nearshore BLL survey timing, mean total length-at-age is calculated at the midpoint of
the calendar/model year. The resulting P(I|a) matrix for RD catches of the estuarine trammel net survey
is presented (Table 18). The resulting P(l|a) matrix for RD catches of the nearshore BLL survey is
equivalent to the season 2 ALK in Table 11. Annual survey catch-at-age is also taken from Equation [13]
with annual survey catch-at-size substituted (Tables 16 and 17). Resulting annual age compositions of
RD catches of the LDWF marine trammel net survey and the LDWF component of the nearshore
SEAMAP BLL survey are presented along with the age compositions for the years age samples were
available (Tables 19 and 20). Also presented are the age compositions from the MARFIN age samples
that are used to represent the NOAA Fisheries mark-recapture estimates of absolute abundance (Table
21).

6. Assessment Model

The Age-Structured Assessment Program (ASAP3 Version 3.0.17; NOAA Fisheries Toolbox) is used in
this assessment to describe the dynamics of RD occurring in LA and adjacent federal waters. ASAP is a
statistical catch-at-age model that allows internal estimation of a Beverton-Holt stock recruitment
relationship and MSY -related reference points. Minimum data requirements are fishery catch-at-age,
corresponding mean weights-at-age, and an index of abundance. ASAP projects abundance-at-age from
estimates of abundance in the initial year of the time-series and recruitment estimates in subsequent years.
The model is fit to the data with a maximum likelihood fitting criterion. An overview of the basic model

configuration, equations, and their estimation, as applied in this assessment, are provided below. Specific
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details and full capabilities of ASAP can be found in the technical documentation (ASAP3; NOAA

Fisheries Toolbox).

6.1 Model Configuration

For purposes of this assessment, the model is configured with annual time-steps (1982-2021) and a
calendar year time-frame.

Mortality

Fishing mortality is assumed separable by age a year y and fishery f as:

Fayf = Uameultyf [14]

where v, are age and fishery-specific selectivities and Fmult,  are annual fishery-specific apical
fishing mortality rates. Apical fishing mortalities are estimated in the initial year and as deviations from

the initial estimates in subsequent years.

Fishery-specific selectivities-at-age are modeled with single (commercial offshore) and double logistic

functions (inshore commercial and recreational) as:
1
Vor = (——epr)  [158
af 1pe- @ @p)/Bf [ ]

vor = (Tmmmmrey) (1~ ;) 1450)

Total mortality for each age and year is estimated from the age-specific natural mortality rates M, and

estimated annual fishery-specific fishing mortalities as:

Zay =Ma+ZfFay [16]

f

For reporting purposes, annual age-specific fishing mortalities are averaged by weighting by estimated

population numbers at age N,,, as:

Ya FayNay
E, =—/——— [17
y Ya Ngy [ ]

Annual escapement rates of juvenile fish (biological ages 0-4) are calculated from the calendar age F rates

as:
E, = o~ (Fiy+Fay+Fsy+Fuy+0.75F5)) [18a]

Annual fishing mortality rates of adult fish (biological ages 5-10+) are calculated from the calendar age F

rates as:

AFy =1- e—(0.25F5y+F6y+F7y+F8y+F9y+F10y) [18b]
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Population Abundance

Abundance in the initial year of the time series and recruitment in subsequent years are estimated and
used to forward calculate the remaining numbers at age from the age and year-specific total mortality

rates as:
Nay = No—1y—1e~"e1»=1 [19]
Numbers in the plus group A are calculated from:
Nay = Ny_1y—1€ %4-25=1 + Ny, _je %41 [20]

Stock Recruitment

Expected recruitment is calculated from the Beverton-Holt stock recruitment relationship,

reparameterized by Mace and Doonan (1988), with annual lognormal deviations as:

-~

Ry+1 = aSSEy + 653’“ [21]

B+SSFy
41(SSFy/SPR SSFy(1—
— (SSFo/ 0) and ﬁ: 0(1-7)
57-1 57—-1

where SSF, is unexploited female spawning stock fecundity, SPR,, is unexploited female spawning stock

fecundity per recruit, 7 is steepness, and e®v+1 are the annual lognormal recruitment deviations.

Spawning Stock Biomass

Female spawning stock fecundity in each year is calculated from:

SSF, =

& L Nay @,y €720y (075 [27]
where @, are annual mean per capita fecundity-at-age of mature females, and e ~Zay(075) g the

proportion of the population surviving prior to spawning on October 1%,

Expected Catch

Expected fishery catches are estimated from the Baranov catch equation as:

A (l—e_Z‘W)

Cayf = NayFayf [23]

Cays

Expected age composition of fishery catches are then calculated from > ¢
aCayf

. Expected fishery yields

are computed as ), (fayfVT/ayf, where W,,, s are observed mean catch weights.
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Survey Catch-rates

Expected survey catch-rates are computed from:
iay =q Za Nay(l - e_Zay(O'O))va [24]

where v, are survey selectivities, g is the estimated catchability coefficient, and 1 — e ~Zay(©9) js the
proportion of the total mortality occurring prior to the time of the trammel net survey (January 1%
midpoint). Survey timing for the nearshore BLL survey and NOAA Fisheries mark-recapture estimates
was set to the middle of the year. Survey selectivities are modeled with a double logistic function

(trammel net survey; Equation 15b) and single logistic functions (BLL survey and NOAA Fisheries mark-

recapture estimates; Equation 15a). Expected survey age composition is then calculated as ZI“—Iy
alay

Parameter Estimation

The number of parameters estimated is dependent on the length of the time-series, number of fleets
modeled, number of selectivity blocks modeled, and number of abundance indices modeled. Parameters
are estimated in log-space and then back transformed. In this assessment, 235 parameters are estimated:
1. 22 selectivity parameters (1 block for the inshore commercial fishery, 1 block for the offshore
commercial fishery that is also shared by the menhaden reduction bycatch fleet, 2 blocks for the
recreational fishery, and 1 block for each survey)
2. 160 apical fishing mortality rates (Fmur in the initial year and 39 deviations in subsequent years
for 4 fleets)
40 recruitment deviations (1982-2021)
4. 9initial population abundance deviations (age-2 through 10-plus)
5. 3 catchability coefficients (1 per survey, and 1 for the NOAA Fisheries mark-recapture estimates
that is constrained to 1.0 to represent absolute abundance)

6. 1 stock-recruitment parameter (SSBy; the steepness parameter is fixed at 1.0 for the base run).

The model is fit to the data by minimizing the objective function:

where - In(L) is the entire negative log-likelihood , InL; are log-likelihoods of lognormal estimations, A;
are user-defined weights applied to lognormal estimations, and InL; are log-likelihoods of multinomial

estimations.

Negative log-likelihoods with assumed lognormal error are derived (ignoring constants) as:
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[In(obs;)—In(pred;)]?
o2

—ln(Ll) = 0.5 Zi

[26]

where obs; and pred; are observed and predicted values; standard deviations ¢ are user-defined CVs as
JIn(CV? +1).

Negative log-likelihoods with assumed multinomial error are derived (ignoring constants) as:
—In(Ly) = —ESS T, pi ln(y)  [27]

where p; and p; are observed and predicted age composition. Effective sample-sizes ESS are used to

create the expected numbers 7, in each age bin and act as multinomial weighting factors.

6.2 Model Assumptions/Inputs

Model assumptions include: 1) the unit stock is adequately defined and closed to migration, 2)
observations are unbiased, 3) errors are independent and their structures are adequately specified, 4)
fishery and survey vulnerabilities are adequately specified, 5) abundance indices are proportional to
absolute abundance, and 6) fecundity, growth and sex ratio-at-age do not vary significantly with time.
Lognormal error is assumed for catches, abundance indices, the stock-recruitment relationship, apical
fishing mortality, selectivity parameters, initial abundance deviations, and catchability. Multinomial error
is assumed for fishery and survey age compositions.

A base model was defined with an age-10 plus group, the steepness parameter fixed at 1.0, two
commercial fishery selectivity blocks, two recreational selectivity blocks, a discard mortality rate of 5%,
the 1997 absolute abundance estimate from the NOAA Fisheries mark-recapture experiments with a
single tagged fish recaptured in the western study area, and input levels of error and weighting factors as

described below.

For the commercial fleets, a single selectivity block is modeled per fishery (inshore and offshore). The
offshore commercial selectivity block is also used to represent the selectivity of the menhaden reduction
fishery bycatch (along with the available age composition and mean weight information). Within the
recreational fleet, two selectivity blocks are modeled that correspond to the following time-periods of
consistent regulation: 1) 1982-1987 (no recreational size regulations implemented) and 2) 1988-2021

(current recreational slot limit implemented).

Input levels of error for commercial fishery landings were specified with CV’s of 0.20 for each year of
the time-series. Input levels of error for recreational fishery landings estimates were specified with CV’s
of 0.05 for each year of the time-series under the assumption that recreational landings estimates are

known with less error than the commercial landings. Input levels of error for survey catch-rates were
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specified with CV’s estimated from each IOA standardization (Tables 9 and 10). Annual recruitment
deviations were specified with CV’s of 0.4 for all years of the time-series. The catchability coefficient of
the NOAA Fisheries mark-recapture absolute abundance estimates was estimated, but constrained to be
1.0 in the assessment model with a CV of 0.0001. Ideally, the catchability coefficient of an absolute
abundance estimate would be fixed at 1.0 (by setting its phase to a negative value) rather than constrained
to be 1.0, but the current configuration of the ASAP graphical user interface does not allow each surveys
catchability phase to be adjusted separately. All selectivity parameters are constrained to initial guesses
with a CV of 1.0 to improve model stability. To allow reasonable (non-zero) estimates of stock numbers-
at-age in the first year of the time series, the estimated deviations of initial stock numbers of age-2
through 10+ fish are also constrained with a CV of 1.0.

Lognormal components included in the objective function were equally weighted (all lambdas=1). Input
effective sample sizes (ESS) for estimation of fishery and survey age compositions were specified with
the observed annual sample sizes for the years where annual ALKs and annual age composition samples
were available, but are capped at ESS=200 to prevent overfitting. For years where annual ALKSs or annual
age composition samples were not available and ages were assigned from size, the effective sample sizes

were down-weighted to ESS=50.

6.3 Model Results

Obijective function components, weighting factors, and likelihood values of the base model are
summarized in Table 22.
Model Fit

The base model provides an overall reasonable fit to the data. Fits to the commercial landings,
recreational landings, and menhaden reduction fishery bycatch match the observations well (Figure 5).
Model estimated catch-rates of the LDWF component of the SEAMAP BLL survey provide reasonable
fits to the data (Figure 6). Model estimated catch-rates of the trammel net survey also provide reasonable
fits to the data given the relatively large CV’s of the time series, but are generally overestimated in the
initial years of the time series and underestimated in the more recent years (Figure 6). Model fit of the
NOAA Fisheries mark-recapture absolute abundance estimates are also reasonable given the large input
CV of the 1997 estimate (CV=0.682), but are underestimated by approximately 1 million fish (Figure 6).
Model estimated fishery and survey age compositions provide adequate fits to the input age proportions
(Figures 7-12) with noticeably better fits for the years annual recreational ALKSs were available, with a
few exceptions. The model overestimates the input trammel net age compositions of age-2 and age-3 fish
beginning in 2018, which are some of the lowest observations of the time series examined. Model fits to

the input trammel net age compositions in recent years consistently underestimate the age-10+ group.
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Selectivities

Estimated fishery and survey selectivities are presented in Figure 13. Fishery estimates indicate full-
vulnerability to the inshore commercial fishery at age-3 and to the offshore commercial fishery at age-4.
Recreational selectivities for each regulation block indicates full vulnerability to the fishery at age-2. The
estimated recreational selectively of age-1 fish was reduced by approximately 86% after the 1988 size
regulations were implemented. Survey estimates indicate full vulnerability to the FI trammel net survey
gear at age-2 and to the nearshore BLL survey at age-10+. Selectivity estimates of the NOAA Fisheries
mark-recapture estimates also indicate full vulnerability to the sampling gear at age-10+.

Abundance, Recruitment, and Spawning Stock

Total stock size and abundance—at-age estimates are presented in Table 23. Stock size has varied
considerably over the time-series examined. Stock size decreased from 13.8 million fish estimated in
1982 to 10.1 million fish estimated in 1989. After 1989, stock abundance increased to a peak of 23.0
million fish in 1999. Since 1999, stock size has generally declined. In the most recent decade, stock size
has decreased from the 18.3 million fish estimated in 2012 to the lowest stock size of the modeled time

series estimated in 2021 (8.7 million fish).

Estimates of age-1 recruitment are presented in Table 23 and Figure 14. Recruitment generally declined
from the initial years of the time series from 3.5 million age-1 fish estimated in 1982 to a low of 1.7
million age-1 fish estimated in 1989. Following 1989, recruitment increased to a peak of 7.6 million age-1
fish estimated in 1994. Since 1994, recruitment has generally declined. In the most recent decade, age-1
recruitment has decreased from the 4.5 million fish estimated in 2012 to some of the lowest recruitment
estimates of the modeled time series estimated in 2019-2021 (1.4, 1.4, and 1.7 million fish respectively).
The average recruitment (geometric mean) of the time-series is 3.8 million age-1 fish. The average

recruitment of the most recent decade of the time-series is 2.5 million age-1 fish.

Female spawning stock fecundity (SSF) estimates are presented in Figure 15. Estimates decreased from
over 60 trillion eggs in the first years of the time-series to a minimum of 36.6 trillion eggs estimated in
1991. After 1991, SSF increased to a peak of 78.6 trillion eggs estimated in 2004. Since 2004, SSF has
decreased to 50.7 trillion eggs estimated in 2021.

Fishing Mortality

Estimated fishing mortality rates are presented in Table 24 (total apical, average N-weighted, age-
specific, juvenile escapement, and adult F rates) and Figure 16 (average F rates) and Figure 17

(escapement rates).
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Average fishing mortality rates have varied over the time-series with a steep increase in the earlier years
up to peaks of 0.29 and 0.28 estimated in 1986 and 1987. After 1987, average fishing mortality rates
declined steeply after RD harvest in the EEZ was prohibited and then became relatively stable in the years
after inshore entanglement nets regulations were enacted. In the most recent decade, average fishing
mortality rates increased from 0.10 estimated in 2012 to another peak of 0.23 estimated in 2018. Since

2018, average fishing mortality estimates have declined. The 2021estimate of average F is 0.11.

Escapement rates of juvenile fish calculated from Equation [18a] (i.e., the proportion of juvenile fish that
survive the inshore fishery to become adults) have also varied through time, where the lowest escapement
rates occurred in 1986 and 1987 (8.6 and 9.9%) before increasing steeply in 1988 to 66.4%. Since 1988,
escapement has generally declined. In the most recent decade, escapement estimates have declined overall
from an estimate of 38.2% in 2012 to an estimate of 22.2% in 2021 with lows of 17.4 and 17.1%
escapement estimated in 2018 and 2020.

Fishing mortality rates of adult fish calculated from Equation [18Db] (i.e., the proportion of adult fish that
die due to fishing) follow a trend similar to average F and escapement rates, where the highest adult F
(46.8%) occurred in 1986 before declining to a relatively stable level between 5 and 8% after harvest in
the EEZ was prohibited. Beginning in 2010, adult F rates increased above 10% which corresponds with
the decline observed in stock size and female spawning stock fecundity in the most recent decade. The
2021 estimate of adult F is 14.7%.

Stock-Recruitment

No discernable relationship is observed between female SSF and subsequent age-1 recruitment estimates
(Figure 18). The steepness parameter was fixed at 1.0 in the ASAP base model run. The estimated
unexploited SSF and age-1 recruitment was 133 trillion eggs and 3.80 million age-1 fish. Alternate runs

with steepness values fixed at 0.9, 0.8, and 0.7 are discussed in the Model Diagnostics Section below.

Parameter Uncertainty

In the ASAP base model, 235 parameters are estimated. Asymptotic standard errors of the recruitment,
spawning stock fecundity, and fishing mortality (average F and escapement rates) time-series are

presented (Figures 14-17).

6.4 Management Benchmarks

Overfishing and overfished limits should be defined for exploitable stocks. The implication is that when

spawning biomass falls below a specified limit, there is an unacceptable risk that recruitment will be
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reduced to undesirable levels. Management actions are needed to avoid approaching this limit and to

recover the stock if biomass falls below the limit.

Management thresholds have been established for GOM red drum in the Gulf of Mexico Fishery
Management Council (GMFMC) Red Drum Fishery Management Plan (FMP). Amendment 2 of the
FMP, implemented in 1988, designates a 20% spawning potential ratio (SPR) limit and requests the GOM
States to enact rules to achieve that standard by providing 30% escapement of juvenile fish to offshore
waters (GMFMC 1988). The state of Louisiana has endorsed that standard, as it was included in Act 889
of the 1988 Regular Legislative Session. A provision of Act 889, which was to become effective
September 1, 1991, authorized the Wildlife and Fisheries Commission to set a quota for commercial
harvest of red drum, based on 30% escapement to offshore waters. This provision never became
effective, since the section was repealed by Act 157 of the 1991 Regular Legislative Session. However, it
does seem to have established legislative intent to endorse the conservation standard recommended by the
GMFMC. The method for calculating equilibrium reference points that correspond to the 20% SPRjimit
are presented below.

When the stock is in equilibrium, equation [22] can be solved, excluding the year index, for any given

exploitation rate as:

T (F) = Ty Nog e 72079 [28]

where total mortality at age Z,, is computed as M, + v, X Fmult; vulnerability at age v, is taken by
rescaling the current F-at-age estimate (geometric mean 2019-2021) to the maximum. Per recruit
abundance-at-age is estimated as N, = S, where survivorship at age is calculated recursively from S, =
Sq_1e7%a, S, = 1. Per recruit catch-at-age is then calculated from the Baranov catch equation [23],
excluding the year index. Yield per recruit (Y/R) is then taken as Y., C, W, where W, are current mean
fishery weights at age (arithmetic mean 2019-2021). Fishing mortality is averaged by weighting by

survivorship at age.

Equilibrium spawning stock fecundity SSF,, is calculated by substituting SSF /R estimated from equation
[28] into the Beverton-Holt stock recruitment relationship as @ x SSF/R — . Equilibrium recruitment
R4 and yield Y, are then taken as SSF,, /(SSF/R) and Y /R X R.,. Equilibrium SPR (e.g. SPRiimi) is
then computed as the ratio of SSF /R when F>0 to SSF /R when F=0. Equilibrium escapement rates are
calculated from equation [18a] excluding the year index with equilibrium F-at-age calculated as v, X

Fmult where v, is the current (2019-2021) vulnerability at age estimate. The equilibrium spawning stock
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fecundity, escapement rate, and average fishing morality rate that lead to the 20% SPRjimit (SSFiimit, Eiimit,

Fiimit) are then calculated.

The established limits of fishing are presented in Figure 19 relative to each time-series. Limit reference
points are also presented in Table 25. Current estimates are taken as the geometric mean of the 2019-2021

estimates.

Also presented are a plot of the stock-recruitment data, equilibrium recruitment, and diagonals from the
origin intersecting R, at the SSFiimir, and the minimum and maximum SSF estimates of the time-series,
corresponding with a SPRyimit of 20%, and a minimum and maximum SPR of 27.4% and 58.7% (Figure
20).

6.5 Model Diagnostics

Sensitivity Analysis

In addition to the base model run, a series of sensitivity runs were used to explore uncertainty in the base

model’s configuration.

The ASAP base model was run with steepness fixed at 1.0. Alternate runs were conducted examining

reference point estimates with steepness fixed at 0.9, 0.8, and 0.7 (Models 1-3).

Additional sensitivity runs were conducted by separately up-weighting the contributions of fishery yield
and the IOA components within the base models objective function (lambdas increased from 1 to 10;
Models 4 and 5).

An additional sensitivity run was conducted where all input ESS were reduced by half (Model 6)
Another sensitivity run was conducted by increasing the discard mortality rate from 5% to 8% (Model 7).

An additional sensitivity run was conducted where the fishery ALK developed from the damped growth

model was used to assign ages to the entire time-series of recreational fishery landings (Model 8).

Another sensitivity run was conducted that only included the LA offshore commercial landings rather

than the GOM offshore commercial landings (Model 9).

An additional sensitivity run was conducted with spawning stock biomass estimated rather than spawning
stock fecundity (Model 10).

Sensitivity runs were also conducted where the 1987 and 1997 NOAA Fisheries absolute abundance
estimates are excluded from the assessment model (Model 11) and where only the 1997 NOAA Fisheries

absolute abundance estimate is excluded (Model 12).
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Final sensitivity runs were conducted where the base natural mortality rate was increased 20% (Model 13)
and decreased 20% (Model 14).

Results of each sensitivity run relative to the limit reference points are presented in Table 26. Current
estimates of female SSF, average F, and escapement rates are taken as the geometric mean of the 2019-
2021 estimates. Estimates from all sensitivity runs with the exception of Model 11 indicate the stock is
currently above the SSFiimit. Model 5 is the only run where the fishery is currently not overfishing in terms
of escapement rates (>30%).

Also presented are estimates of maximum sustainable yield (MSY) and associated reference points for
those sensitivity runs with the steepness parameter not fixed at 1 (Models 1-3; Table 27). Results of each
run indicate that the fishery is currently overfishing in terms of escapement rates (<30%), where the
inverse of ratios of current E to Emsy are above 1. Spawning stock fecundity estimates from each run
indicate the stock is currently above SSFusy.

Retrospective Analysis

A retrospective analysis was conducted by sequentially truncating the base model by a year (terminal
years 2016-2021; Figure 21). Retrospective estimates of age-1 recruits and the average fishing mortality
rate differ marginally from the base run where recruitment estimates generally tend to increase and
fishing mortality rate estimates tend to decrease as years are added to the model. Retrospective estimates
of spawning stock fecundity reveal a pattern where estimates in the initial year of the time series tend to
decrease slightly as additional years are added to the model while estimates in the terminal year increase
as additional years are added. The terminal retrospective pattern in female SSF can be explained by the
addition of the LDWF component of the SEAMAP BLL survey that began in 2015. As more years of the
BLL survey and corresponding age compositions (primarily age-10+ fish) are included in the modeled
time series, the model estimates of age-10+ fish and female SSF increase as more information of the adult
offshore population becomes available to the assessment model. When the BLL survey is not used as an
input of the assessment model, the scale of the retrospective pattern in female SSF and age-10+ stock

numbers is greatly reduced.

7. Stock Status

The history of the LA red drum stock relative to E/Ejimirtand SSB/SSBiimit are presented in Figure 22.
Escapement rate estimates below Ejimit (1/ (E/Eiimit) >1.0) are defined as overfishing; spawning stock

fecundity estimates below SSBiimit (SSB/SSBiimit< 1.0) are defined as the overfished condition.

Overfishing Status
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The current estimate of 1/ (E/Eimi) is >1.0 (1.49), indicating the stock is currently undergoing
overfishing. The current assessment model also indicates that overfishing occurred in earlier years of the

time-series. The current escapement rate estimate is 20.1%.

Overfished Status

The current estimate of SSB/SSBiimitis >1.0 (2.00), indicating the stock is not currently overfished. The
current SPR estimate is 40.1%.

8. Research and Data Needs

As with any analysis, the accuracy of this assessment is dependent on the accuracy of the information of
which it is based. Below we list additional recommendations to improve future LA stock assessments of

red drum.

Continuing the SEAMAP nearshore bottom longline survey and corresponding age composition sampling
are critical to estimating stock status since this survey supplies the only current estimates of adult RD
abundance.

Updated estimates of offshore abundance with reasonable precision would provide more certainty in

estimation of stock status in future assessments.

Only limited age data are available from the LDWF estuarine trammel net survey. Ages of survey catches
in this assessment were assigned from size with a growth function. Continuing the age composition
sampling from the survey would allow a more accurate representation of survey age composition in future

assessments.

Development of a new fishery independent survey that better tracks red drum recruitment through time
(full selection to survey gear at age-1) would provide better certainty in age-1 relative abundance

estimates in future stock assessments.

Estimates of red drum batch fecundity, spawning frequency, and maturity used in this assessment were
developed in 1996. Updated estimates of red drum batch fecundity, spawning frequency, and maturity at

age/size are needed.

Investigations of the habitat utilization of younger adult red drum (5-10 yrs), which are presumed to have
escaped the inshore fishery and migrated to the offshore adult stock in the EEZ, are needed to determine
what proportion of red drum truly escape the inshore fishery, as well as the efficacy of the current

juvenile escapement rate based management policy.
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Incidental catches of RD from the offshore GOM shrimp fishery were not considered in this assessment.
Some previously reported estimates of incidental RD catches in the offshore shrimp fishery indicated a
relatively large bycatch when compared to estimates of RD incidental catches of the LA inshore shrimp
fishery. Development of a current time series of offshore shrimp fishery RD bycatch would allow for a
better understanding of the current magnitude of offshore shrimp fishery bycatch relative to the directed

fisheries.

Factors that influence year-class strength of red drum are poorly understood. Investigation of these
factors, including inter-annual variation in seasonal factors (seasonal salinities, winter severity, food
availability, etc.) and the influence of environmental perturbations such as the Deepwater Horizon oil
spill, could elucidate causes of inter-annual variation in abundance, as well as the species stock-

recruitment relationship.

With the recent trend toward ecosystem-based assessment models (Mace 2000; NMFS 2001), more data
is needed linking red drum population dynamics to environmental conditions. The addition of
meteorological and physical oceanographic data coupled with food web data may lead to a better
understanding of the RD stock and its habitat.

Fishery-dependent data alone is not a reliable source of information to assess status of a fish stock.
Consistent fishery-dependent and fishery-independent data sources, in a comprehensive monitoring plan,
are essential to understanding the status of fishery. Present monitoring programs should be assessed for

adequacy with respect to their ability to evaluate stock status, and modified if deemed necessary.
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