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The Southeast Area Monitoring and Assessment Program (SEAMAP) Bottom
Longline (BLL) survey was established to provide a nearshore complement to
the offshore National Marine Fisheries Service (NMFS) BLL survey. SEAMAP state
partners (i.e., Texas, Louisiana, Mississippi, and Alabama) used identical gear and
sampling protocol to NMFS; however, temporal window, sampling universe,
sampling frequency, and station selection were determined independently by
each state based on available resources and capabilities. Although each state
collected high quality data, the lack of a unified design complicated the efforts to
combine state partner data to develop an index of abundance for stock
assessment purposes. To improve the value of the survey and prioritize the
quality and utility of the resultant data, the SEAMAP BLL survey was modified to
implement a unified design that included consistency in spatial coverage and
sampling frequency, and proportional allocation of sampling effort. Data from the
early (2008-2014) and modified (2015-2021) SEAMAP BLL surveys, and from the
modified SEAMAP and NMFS surveys were compared to determine the effects of
this unified design on data precision. Overall catch composition slightly differed
between the early and modified SEAMAP BLL surveys; however, taxa with
declined abundance under the modified SEAMAP BLL survey were adequately
sampled by the complementary NMFS BLL survey. Size composition was
compared for three managed species. The size composition of Atlantic
Sharpnose Sharks and Blacktip Sharks differed significantly between the
modified SEAMAP BLL survey and the NMFS BLL survey, indicating that the
modified survey is indeed providing complementary data. Further, implementing
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the modified design reduced the coefficient of variation for the indices of
abundance for both Blacktip Sharks and Red Drum. The evolution of this
survey highlights the benefit of unifying survey designs that build upon existing
efforts to enhance the utility of survey data for multiple applications.

KEYWORDS

fishery-independent survey, coefficient of variation, multispecies, standardization,
stock assessment, Atlantic Sharpnose Shark, Blacktip Shark, Red Drum

Introduction

All survey methodologies attempt to understand a population by
assessing a representative sample (Cadima et al., 2005), and all
methodologies have inherent biases that can impact the data
collected. These biases should be identified and controlled for, to
the greatest extent practicable, when designing the survey so that their
impact can be accounted for in multi-model assessments. Best survey
designs encompass the full spatial scope of the target species and
conduct sampling during the full temporal period of the target
species’ presence. Any time these frameworks are limited or are
sampled with unequal effort, the full population may be
misrepresented in the sample (Hansen et al., 2007). For this reason,
standardized survey methodologies with a spatially balanced
sampling design are essential for producing improved accuracy and
precision of key population dynamic metrics (Cheng et al., 2024).

Fish populations are not evenly distributed within a system and
their range may change based on environmental parameters, habitat
availability, food availability, reproductive and ontogenetic phases,
and/or pressures and stressors, thereby violating the statistical
assumption of independence (Pennington and Stromme, 1998;
Perry et al,, 2005; Blanchard et al., 2008; Nye et al., 2009). Fishers
are also dynamic, altering fishing methods, gear types, fishing time/
location/effort, or target species to maximize harvest (Simpfendorfer
et al,, 2002) under a constantly evolving management framework.
Due to the complexities of these dynamics, fishery dependent data
may not accurately track the status of managed fish populations (de
Mutsert et al., 2008; Pennington and Gode, 1995; Pennington and
Stromme, 1998). Therefore, fishery independent surveys are
invaluable data for assessing stocks (Pennington and Stromme,
1998; Wilberg et al., 2010).

Fishery independent surveys monitor diversity and abundance
within an area (Xu et al, 2015) as limited by the selectivity and
catchability of the gear being used and the design of the underlying
sampling frame (Gunderson, 1993; Rago, 2005; Miller et al,, 2007; Liu
et al, 2009). These data complement other data inputs (e.g., fishery

Abbreviations: BLL, bottom longline; CPUE, catch per unit effort; CV, coefficient
of variation; FMP, federal management plan; GOM, Gulf of Mexico; NMFS,
National Marine Fisheries Service; SEAMAP, Southeast Area Monitoring and

Assessment Program; SEDAR, Southeast Data and Assessment Review.
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dependent data, life history data) in stock assessment models to discern
population biomass and trends. Fishery independent data are often the
most statistically robust assessment inputs, as their standardization,
continuity, and random stratified designs result in relative abundance
estimates with comparably high precision and low uncertainty
(Pennington and Stremme, 1998; Miller et al, 2007). These surveys
are of greatest utility when they cover the full spatial distribution of the
stock being assessed (Walters, 2003; Wilberg et al., 2010; Gunderson,
1993) and are designed with sufficient statistical power so that as fish
populations/distributions shift, changes in relative abundance can be
detected (Pennington, 1985; Kimura and Somerton, 2006; Wang et al,,
2018; Wilberg et al,, 2010; Grace et al., 2012). As depth is a known driver
of fish distribution, multispecies surveys typically implement a depth
stratified random sampling effort to survey designs (Hansen et al., 2007).
This ensures that effort is partitioned among heterogeneous strata based
on standardized allocation criteria (Raj, 1968; Cochran, 1977;
Gunderson, 1993; Smith et al., 2011; Richards et al., 2016;
Ault et al., 2018).

Although valuable, fishery independent surveys are expensive
and funding can often restrict the temporal or spatial coverage of
the surveys (Dennis and Plaganyi, 2015; Howard et al., 2023). To
address these limitations, multiple sources of data are often
integrated to attempt to capture the full range of species being
assessed, especially for highly migratory species such as sharks
(Simpfendorfer et al., 2002). The multi-sourced data must be
standardized to ensure that the time series data are compatible
(e.g., Maunder and Punt, 2004; Francis, 2011; Griss et al,, 2019).
With this concept in mind, fishery independent surveys are often
modeled after established well designed surveys to allow for effective
comparisons and/or combinations and result in a more
comprehensive and representative assessment. These standardized
datasets can further allow for a more accurate assessment of
population dynamic changes as related to broad issues such as
climate change, management actions, and migratory pathway
dynamics (Bonar et al,, 2009). Survey compilations, such as the
one published by Griiss et al. (2018) for the northern Gulf of Mexico
(GOM), can help in determining what surveys are active and how to
best leverage existing resources without duplicating efforts.

The Southeast Area Monitoring and Assessment Program
(SEAMAP) is a federal/state/university collaboration that focuses
on collecting and disseminating fisheries independent data. Gulf of
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Mexico SEAMAP partners recognized that the existing National
Marine Fisheries Service Bottom Longline (NMFS BLL) survey,
which targets Atlantic shark species, only sampled depths greater
than 9 m in the northern GOM due to vessel limitations. As there
are concerns that many shark stocks in the region are in decline
(Stone et al., 1998), and many shark species are common to the
coastal region, the nearshore waters (waters <9 m) were a notable gap
in the survey. Further, as the NMFS BLL survey data have proven to
be informative to the assessment of ten stocks in the GOM (e.g.,
SEDAR 29, 2012; SEDAR 34, 2013; SEDAR 54, 2017; SEDAR 77,
2024), the SEAMAP program hoped to fill this data gap in the coastal
waters. Therefore, a complementary fishery independent BLL survey
was initiated in waters off Texas, Louisiana, Mississippi, and Alabama
(hereafter SEAMAP BLL survey). The intended goal of the SEAMAP
BLL survey was to conduct a fisheries independent, gear
standardized, survey in GOM coastal waters that generated data
useful for fisheries assessment and management.

While exploring the utility of SEAMAP BLL data for use stock
assessments, the Southeast Data Assessment and Review (SEDAR)
identified several limitations. Although the sampling protocol was
standardized, the variation in other survey design parameters made
the datasets challenging to combine. The Texas data was spatially
disjunct from the other state sampling universes, resulting in concern
that the combined data would not reflect the same population trends as
the other states (SEDAR 34, 2013) (Figure 1B). Louisiana sampled
depths deeper than other states, resulting in spatial overlap with the
NMES BLL Survey (Figure 1C). Finally, the higher sampling intensity
within Mississippi and Alabama waters (Figure 1D) could
disproportionately drive population-level trends by artificially
lowering coefficients of variation (CV) for target species. Ultimately,
various post hoc weighting mechanisms and complex analyses were
needed to generate an index of abundance (Hoffmayer et al., 2013a).
Weighting, however, can be subjective and could lead to unintended
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consequences, especially when the parameter estimates are conflicting
(Francis, 2011; Thorson et al,, 2017). Further post hoc weighting is not
always able to account for survey design shortfalls (Gunderson, 1993).

The SEAMAP partners made plans to solve these complications
with a modified survey design (Christman, personal communication)
and hopefully improve index of abundance precision and lower
variance. Accordingly, the state partners integrated survey efforts
under a unified, spatially balanced survey design. This sampling
design has the advantages that 1) stratification improves the
precision of parameter estimates by subdividing a heterogeneous
population into relatively homogeneous strata and effectively
partitioning population variance (Smith et al., 2011; Richards et al,
2016; Ault et al, 2018), and 2) assures that sampling effort is
appropriately assigned to all strata.

This paper follows the management and evolution of the regional,
multi-partner, fishery independent SEAMAP BLL survey. Data from
the original survey design, hereafter referred to as “early” (2008-
2014), was compared to data generated from the GOM-wide unified
design, hereafter referred to as “modified” (2015-2021), as well as to
the NMFS BLL survey. Herein, we explore the impacts of an
independent (early) versus unified (modified) survey design (ie.,
spatial scope, effort allocation, frequency) on survey statistics and
estimates in a Gulf of Mexico bottom longline survey.

Methods

Independent state designs: early BLL
design (2008-2014)

The SEAMAP BLL Survey began in 2008 when Mississippi and
Texas started sampling their respective coastal waters and the
waters off eastern Louisiana (Chandeleur Sound). Alabama joined

31°N

30°N+

29°N

28°N-

27°N+

Gulf of Mexico

] NMFS Bottom Longline Survey

FIGURE 1

Maps of the sampling effort for the early Southeast Area Monitoring and Assessment Program Bottom Longline Survey in the northern Gulf of
Mexico for stations conducted by (A) all SEAMAP state partners, (B) Texas (TX), (C) Louisiana (LA), and (D) Mississippi (MS) and Alabama (AL), during
the early sampling period (2008-2014). White dots represent a sampling location. The blue region represents the universe covered by the National

Marine Fisheries Service Bottom Longline Survey.
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the survey efforts in 2010 and Louisiana began in 2011. All partners
used sampling methodology identical to that of the NMFS BLL
Survey, which involved the deployment of a 1.85 km main longline,
weighted to the bottom at the beginning, middle, and endpoints,
outfitted with one hundred 15/0 circle hooks baited with Atlantic
Mackerel, Scomber scombrus, on 3.66 m gangions, fished for 60
minutes (Grace and Henwood, 1997; Driggers et al., 2008). Catch
data (e.g., species, length, weight, sex, etc.) and environmental data
(e.g., surface, middle, and bottom temperature, salinity, dissolved
oxygen) were collected at each site. Although fishing protocol and
sampling window (March through October) were standardized,
each state partner independently determined the size of the
sampling universe, the number of random stations conducted, the
frequency of sampling, and the depth range sampled based on
logistical and funding limitations (Table 1; Figure 1).

Transition to a unified design: modified BLL
design (2015-2021)

The first change implemented was a revision of the depth
boundaries for the SEAMAP BLL Survey. It was known that the
NMFS BLL survey implements a 9 m minimum depth limit due to the
draft limitations of their vessels, and the BLL gear requires a minimum
of 3 m for effective fishing. Therefore, SEAMAP set the modified design
depth range as 3 - 10 m to ensure inclusion of unsampled waters while
minimizing overlap with the NMFS BLL survey (9 - 366 m).

The second modification to the SEAMAP BLL survey was a
spatial expansion of the survey universe and redistribution of
sampling effort. In the modified design, the entire 3 - 10 m coastal
contour from the Mexico-Texas border to just east of the Alabama-
Florida border was eligible in the universe. This was a much larger
sampling area and, therefore, required a station allocation protocol
that would result in sufficient statistical power in the resultant data.
Accordingly, the sampling effort was allocated among NMEFES
statistical reporting zones (zones 10 — 21) based on the proportion
of the total universe 3 - 10 m depth contour present in each zone
(Figure 2). Since the 3 - 10 m depth stratum is smaller in some zones
relative to others, each statistical zone was allocated a minimum of
two sampling stations to ensure that a measure of variability could be
estimated. The random stratified design with proportional allocation
ensured that the heterogeneity of the universe would be captured a
priori through the station selection process.

10.3389/fmars.2024.1426756

The final change to the SEAMAP BLL survey defined the temporal
sampling window. In the early SEAMAP design, the partners
conducted the work from March to October with either seasonal or
monthly sampling efforts when sharks and Red Drum were prevalent
in coastal waters. The NMFS BLL survey, however, is only conducted
from August through September due to ship availability. It was
therefore decided that the nearshore effort would involve a seasonal
sampling strategy where sampling effort was allocated among three
sampling seasons: Spring (April-May), Summer (June-July), and Fall
(August-September). This ensured that, 1) there was consistency in the
sampling frequency by maintaining the majority of the original
sampling period in the new design, and 2) the Fall survey period
would directly correspond to the NMES offshore survey (and the
SEAMAP data could be truncated to that, if necessary).

Under the modified SEAMAP design, fifty-five stations were
randomly selected per season throughout the statistical zones (10 -
21) in the 3 - 10 m depth stratum. The largest sampling area
occurred off the Louisiana coast, accounting for 74.7% of the
sampling universe (10,300 km?), followed by Texas 12.7% (1,742
km?), Mississippi 7.5% (1,040 km?), and Alabama 5.1% (700 km?).
The proportional allocation resulted in 37 stations sampled off
Louisiana, 10 off Texas, 5 off Mississippi, and 3 off Alabama during
each season, totaling 165 stations completed each year. Each
SEAMAP state partner was primarily responsible for conducting
efforts oft their respective coastlines, although sampling often
extended into neighboring states when logistically efficient.

Comparison between early and modified
SEAMAP BLL survey designs

During the early (2008 - 2014) SEAMAP period, states joined
the survey in different years and expanded and/or shifted their
universe annually as their survey capability matured. To allow for
comparison of these spatial scopes, the sampled area for each state
partner was calculated by year and a mean and standard error
were determined.

Statistical analyses were conducted to compare depth data
between the early (2008 - 2014) and modified (2015 - 2021)
SEAMAP designs to quantify how the design change impacted
the fish assemblages sampled. The mean depth sampled was
compared between states and by survey design using a two-way
analysis of variance (ANOVA; Zar, 2010).

TABLE 1 Comparison of the early Southeast Area Monitoring and Assessment Program Bottom Longline Survey (2008-2014) by Gulf of Mexico

SEAMAP partner.

Mean No.

Depth
Range (m)

Sampling

of Stations Frequency

SEAMAP Year Mean Universe
Partner Started Size (km?)
AL 2010 ‘ 2,405.4 0.0
MS 2008 ‘ 1,073.9 91.7
LA 2011 ‘ 47,157.4 16,652.3
TX 2008 ‘ 1,453.6 212.7

31.0 4.3 2-268 Monthly (Mar-Oct)
62.0 5.3 25-164 Monthly (Mar-Oct)
54.5 16.8 3-3322 Seasonally
19.5 2.0 1.7 - 25.0 Seasonally

SEAMAP Partner: state conducting the sampling, Alabama (AL), Mississippi (MS), Louisiana (LA), and Texas (TX); Year Started: initial year; Universe (km?): mean sampling universe size from
initial year through 2014; No. of Stations: mean number of stations per year from initial year through 2014; Depth Range (m): depth range of sampled stations; and Sampling Frequency: monthly
or seasonal. As state protocols changed over time, mean area and mean number of stations are reported with standard error (SE).
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FIGURE 2

Map of the National Marine Fisheries Service Statistical Reporting Zones (labeled 10-21) in the northern Gulf of Mexico used to proportionally
allocate sampling effort for the Southeast Area Monitoring and Assessment Botom Longline Survey. Effort was allocated based on the proportion of

the total 3 - 10 m depth contour (red) present in each zone.

A multivariate analysis compared the catch composition of the
early and modified survey design periods. Catch per unit effort
(CPUE) for all sets with positive catch were 4th-root-transformed to
down-weight the contribution of highly abundant taxa. Next, an
analysis of similarity (ANOSIM) was conducted on the Bray-Curtis
similarity matrix (Clarke and Warwick, 2001) to compare catch
composition between the early and modified SEAMAP designs.
ANOSIM produces an R statistic where values of 0 indicate that
groups are not distinct from the entire dataset, while values of 1
indicate that groups of samples are completely distinct; the p-value
indicates the significance of this statistic. Further, a similarity
percentage analysis (SIMPER) was conducted to identify the
species that discriminate between the compared surveys
(Warwick et al., 1988). The SIMPER procedure compares the
average abundances per design and examines the contribution of
each species to the average Bray-Curtis dissimilarity. Both
ANOSIM and SIMPER non-parametric statistical tests were
carried out using PRIMER v.7 (Clarke and Gorley, 2015). Since
there was a significant depth effect when comparing the early to the
modified SEAMAP designs, the deeper stations (>15 m) within the
early design were removed when comparing catch composition and
length data. In addition, since Louisiana did not fully participate in
the SEAMAP BLL survey until 2012, the years 2012 - 2014 were
used to represent the early design period, and the years 2015 - 2017
were used to represent the modified design period. Catch
composition was also compared between the modified SEAMAP
design and the NMFS BLL survey for the years 2015 - 2021 using
ANOSIM and SIMPER analyses. Since the NMFS survey only
occurred during the months of August and September, the
modified SEAMAP data was further truncated to this time period.

Three important species under federal management plans
(FMP), Atlantic Sharpnose Shark, Rhizoprionodon terraenovae,
Blacktip Shark, Carcharhinus limbatus, and Red Drum, Sciaenops
ocellatus, were investigated for potential changes in abundance and
length frequency. Catch per unit effort was compared between the
early and modified SEAMAP designs and between the modified
SEAMAP and NMEFS BLL surveys (2015-2021) using a t-test (Zar,
2010). Mean length (shark by sex: Fork Length, FL; teleost: Total

Frontiers in Marine Science

Length, TL) and length distributions were compared for both early
and modified SEAMAP designs using t-tests and Kolmogorov-
Smirnov (K-S) tests, respectively (Zar, 2010). Mean length and
length distributions were compared for the modified SEAMAP
design and the NMFS BLL survey for the August-September 2015
- 2021 temporal scope, using t-tests and K-S tests, respectively.

Further, to determine if the changes to the SEAMAP modified
design improved the relative abundance estimates for the three
species, a delta-lognormal model was used to generate relative
abundance indices for each assessed FMP species. An index of
relative abundance was built using a combined dataset consisting of
the early (2008 - 2014) and the modified (2015 - 2021) SEAMAP
data following the method outlined in Ingram et al. (2017), as this is
a common method used in stock assessments in the southeast
region. The early data were truncated to only include stations with
depths from 3 - 15 m as this range matched the modified SEAMAP
design dataset. Factors that were included in the initial model run
included depth (m), bottom dissolved oxygen (mg/l), bottom
salinity (psu), bottom temperature (°C), SEAMAP partner (Texas,
Louisiana, Mississippi, and Alabama), month (March-October),
and year. The submodels of the delta-lognormal model were built
using a backward selection procedure based on type III analyses
with an inclusion level of significance of o. = 0.05 (Lo et al.,, 1992).
Coefficients of variance around the annual abundance estimates
were compared (Lo et al., 1992) as a performance metric to assess
the effect of the modified survey design.

Results

A total of 1,866 BLL sets were completed by the SEAMAP BLL
survey from 2008 to 2021, with 920 completed under the early
SEAMAP design (2008 - 2014) and 946 completed under the
modified SEAMAP design (2015 - 2021; Figures 1 and 3). With
the early SEAMAP design, 53% of the stations spatially overlapped
the NMFS BLL sampling universe, while 19.2% overlapped both
spatially and temporally (August-September) (Figure 1). However,
with the modified SEAMAP design, only 20% of the stations
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Map of the modified Southeast Area Monitoring and Assessment Program Botom Longline Survey in the northern Gulf of Mexico for the sampling
period 2015-2021. White circles represent sampling locations conducted by SEAMAP partners. The blue region represents the universe covered by

the National Marine Fisheries Service Botom Longline Survey.

overlapped spatially with the NMFS sampling universe (Figure 3),
of which only 6.9% overlapped both spatially and temporally
(August-September).

When comparing the two SEAMAP BLL survey designs, the
biggest difference observed was in the depths sampled. There was a
significant difference in station depth across state partners (F3 1547 =
343.7, p < 0.001) and between the early and modified sampling
designs (Fy 1549 = 272.5, p < 0.001). Stations sampled under the early
SEAMAP design were significantly deeper (mean: 26.4 + 0.7 m,
range: 1.7 - 332.2 m) compared to those sampled under the
modified SEAMAP design (mean: 7.0 + 0.9 m, range: 1.4 - 15.1
m). These differences were most pronounced off Louisiana where
station depths between the early (mean: 74.0 + 1.4 m) and modified
(mean: 6.5 + 0.9 m) designs were significantly different from each
other (p < 0.05).

From 2008 to 2021, 34,589 organisms were caught on the
SEAMAP BLL survey with 15,944 caught during the early design
and 18,645 caught during the modified design. During the early
design, 73.0% of the total catch consisted of: Atlantic Sharpnose
Sharks (46.9%), Blacktip Sharks (12.2%), Gafftopsail Catfish,
Bagre marinus (8.6%), and Red Drum (5.4%). With the
modified survey design, the top species present were similar, but
their frequency of occurrence was substantially different, with
82.6% of the catch made up of Gafftopsail Catfish (34.1%),
Blacktip Sharks (24.6%), Atlantic Sharpnose Sharks (15.2%),
Red Drum (8.7%), and Bull Sharks, C. leucas (5.5%). Six species
were caught in relatively high numbers with the early survey
design that were caught in lower numbers (n < 30) or were absent
in the modified design, including: Smoothhounds, Mustelus spp.
(early: n = 680; modified n = 0), Red Snapper, Lutjanus
campechanus (early: n = 584; modified: n = 0), King Snake Eels,
Ophichthus rex (early: n = 369; modified n = 1), Tiger Sharks,
Galeocerdo cuvier (early: n = 103; modified: n = 20), Scalloped
Hammerheads, Sphyrna lewini (early: n = 94; modified: n = 9), and
Sandbar Sharks, C. plumbeus (early: n = 81; modified: n = 30).

Catch composition was slightly different between the early
(station n = 269) and modified (station n = 433) SEAMAP BLL
survey designs (R = 0.044, p = 0.001). The SIMPER analysis revealed
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that Atlantic Sharpnose Shark (17.3%), Blacktip Shark (14.6%),
Gafftopsail Catfish (13.2%), Red Drum (10.1%), Bull Shark (9.6%),
and Southern Stingray (7.0%) accounted for the majority of the
dissimilarity (71.7%) in species composition between the survey
designs (Table 2). Catch composition was also found to be
significantly different between the modified SEAMAP (station n =
303) and the NMFS BLL (station n = 444) surveys (R = 0.263, p =
0.001). The SIMPER analysis revealed that Blacktip Sharks (12.6%),
Atlantic Sharpnose Sharks (11.9%), Gafttopsail Catfish (10.2%), Red
Snapper (9.0%), Bull Sharks (7.2%), Blacknose Sharks (5.1%),
Southern Stingrays (4.3%), Spinner Sharks (4.2%), Red Drum
(3.9%), and Hardhead Catfish (3.6%) accounted for the majority
of the difference (72.0%) in composition (Table 3).

There were differences in CPUE and length frequencies for the
three FMP species examined when comparing the early and
modified SEAMAP designs (Figure 4). Atlantic Sharpnose Shark
catch rates were significantly higher with the early (CPUE: 6.6 + 0.4
sharks/100 hook hrs, n = 275) compared to the modified (CPUE: 3.0
+ 0.2 sharks/100 hook hrs, n = 444) design (t = 9.3, p < 0.001).
Female Atlantic Sharpnose Shark mean size was significantly larger
during the early (mean: 587.5 + 5.9 mm FL, range: 265 - 965 mm
FL, n = 466) compared to the modified (mean: 534.9 + 11.3 mm FL,
range: 265 - 975 mm FL, n = 1525 t = 4.2, p < 0.001; Figure 4A)
SEAMAP design, and the length distributions were significantly
different between the two designs (D = 0.209, p < 0.001). Male
Atlantic Sharpnose Shark mean size was significantly smaller in the
early (mean: 671.9 = 1.7 mm FL, range: 255 - 931 mm FL, n =
3,081) compared to the modified (mean: 724.7 + 2.2 mm FL, range:
273 - 890 mm FL, n = 2,086) SEAMAP design (t = 19.5, p < 0.001;
Figure 4A), and the length distributions were significantly different
between the early and modified designs (D = 0.365, p < 0.001).

Blacktip Shark catch rates were significantly higher with the
modified (CPUE: 4.8 + 0.2 sharks/100 hook hrs, n = 444) compared
to the early SEAMAP design (CPUE: 2.4 + 0.2 shark/100 hook hrs,
n = 275; t = 8.0, p < 0.001). Female Blacktip Shark mean size was
significantly larger with the modified (mean: 1,079.4 + 4.7 mm FL,
range: 331 - 1,574 mm FL, n = 2,484) compared to the early (mean:
927.4 + 9.6 mm FL, range: 446 - 1,590 mm FL, n = 623) SEAMAP
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TABLE 2 Catch composition similarity percentage analysis (SIMPER) results for early and modified Southeast Area Monitoring and Assessment
Program (SEAMAP) botom longline survey designs.

Early Modified
Average Average Average Cumulative

Species Abundance Abundance Dissimilarity Diss/SD Contribution (%) Contribution (%)
Atlantic

Sharpnose Shark 1.24 0.68 12.03 1.17 17.26 17.26

Blacktip Shark 0.88 0.99 10.19 1.08 14.62 31.88
Gafftopsail Catfish 0.44 0.69 9.16 0.85 13.15 45.03

Red Drum 0.41 0.49 7.06 0.84 10.13 55.16

Bull Shark 03 058 6.7 0.93 9.61 64.77
Southern Stingray 0.2 0.35 4.86 0.69 6.98 71.74

Average Abundance; Average Dissimilarity: average Bray-Curtis dissimilarity between the two surveys; Diss/SD: average dissimilarity divided by the standard deviation; Contribution %: percent

contribution to the total average dissimilarity; Cumulative Contribution %: percent cumulative contribution to the total within-group dissimilarity.

design (t = 14.3, p < 0.001; Figure 4B), and the length distributions
were significantly different (D = 0.367, p < 0.001). Similarly, male
Blacktip Shark mean size was significantly larger for the modified
(mean: 985.8 + 5.3 mm FL, range: 355 - 1,524 mm FL, n = 1,512)
compared to the early (mean: 873.6 + 8.0 mm FL, range: 433 - 1,441
mm FL, n = 536, Figure 4B) SEAMAP design (t = 11.1, p < 0.001),
and the length distributions were significantly different (D = 0.345,
p < 0.001).

Red Drum catch rates were significantly higher with the
modified (CPUE: 1.7 + 0.1 fish/100 hook hrs, n = 444) compared
to the early (CPUE: 1.2 + 0.1 fish/100 hook hrs, n = 275; t = 2.5, p <
0.0134) SEAMAP design, and significantly larger fish were caught
with the modified (n = 1,478, mean: 945.3 + 1.5 mm TL, range: 492
- 1,180 mm TL) compared to the early design (n = 618, mean: 934.4
+ 2.3 mm TL, range: 669 - 1,090 mm TL; t = 4.0, p < 0.001;
Figure 4C). In addition, the distribution of lengths was significantly
different (D = 0.0846, p = 0.004).

When the length frequency data from the modified SEAMAP and
NMES survey datasets were compared for the FMP species, some
interesting differences were observed (Figure 5). Fewer Atlantic
Sharpnose Sharks were caught on the modified SEAMAP survey (n
= 485) than the NMEFS survey (n = 2,247). This was especially true for
female Atlantic Sharpnose Sharks, where sharks with significantly
smaller mean size were caught with the modified SEAMAP design
(mean: 469.7 + 14.3 mm FL, range: 340 - 672 mm FL, n = 42) as
compared to the NMFS BLL (mean: 781.9 + 2.4 mm FL, range: 389 -
990 mm FL, n = 1,177) survey (t = 23.643, p < 0.001; Figure 5A).
Length distributions were also significantly different (D = 0.904, p <
0.001). Similarly, male Atlantic Sharpnose Shark mean size was
significantly smaller for the modified SEAMAP BLL survey (mean:
681.6 + 5.6 mm FL, range: 356 — 850 mm FL, n = 373) compared to the
NMES BLL survey (mean: 764.6 + 2.4 mm FL, range: 310 — 958 mm
FL, n = 1,069, Figure 5A) survey (t = 16.007, p < 0.001), and the length
distributions were also significantly different (D = 0.503, p < 0.001).

TABLE 3 Catch composition similarity percentage analysis (SIMPER) results for modified Southeast Area Monitoring and Assessment Program
(SEAMAP) and National Marine Fisheries Service (NMFS) botom longline survey designs.

SEAMAP NMFS

Average Average Average Cumulative
Species Abundance Abundance Dissimilarity Diss/SD Contribution (%) Contribution (%)
Blacktip Shark 0.89 0.32 11.14 1.07 12.58 12.58
Atlantic
Sharpnose Shark 0.39 0.83 10.54 0.97 11.9 24.48
Gafftopsail Catfish 0.76 0.16 9.03 0.83 10.2 34.68
Red Snapper 0 0.67 7.94 0.78 8.97 43.64
Bull Shark 0.53 0.14 6.37 0.84 7.2 50.84
Blacknose Shark 0.06 0.32 4.54 0.55 5.12 55.97
Southern Stingray 0.32 0.02 3.82 0.56 4.32 60.28
Spinner Shark 0.23 0.13 3.74 0.54 4.22 64.51
Red Drum 0.31 0.04 3.47 0.51 3.92 68.43

Average Abundance; Average Dissimilarity: average Bray-Curtis dissimilarity between the two surveys; Diss/SD: average dissimilarity divided by the standard deviation; Contribution %: percent
contribution to the total average dissimilarity; Cumulative Contribution %: percent cumulative contribution to the total within-group dissimilarity.

Frontiers in Marine Science 07 frontiersin.org


https://doi.org/10.3389/fmars.2024.1426756
https://www.frontiersin.org/journals/marine-science
https://www.frontiersin.org

Hendon et al.

10.3389/fmars.2024.1426756

1000 { A 2008-2014
500 -
=
[0}
Ke)
€ 0
=}
=z
500
Il Female
1 Male 2015-2021 —
1000 L, ‘ ‘ ‘ . . ‘ ;
200 300 400 500 600 700 800 900
Fork Length (mm)
600
B 2008-2014
400 |
» 200
2
g 01
= |
Z 200 A
400 - mEEE Female
[ Male 2015-2021
600 ‘ : ‘ ; . . .
200 400 600 800 1000 1200 1400 1600
Fork Length (mm)
600
c
400 4 2008-2014
® 200
[0}
g O [ 1
s |
Z 200
400 -
2015-2021
600 : ‘ . ; ‘
600 700 800 900 1000 1100

Total Length (mm)

FIGURE 4
Length frequency distribution for (A) female (black) and male

(gray) Atlantic Sharpnose Shark, Rhizoprionodon terraenovae, (B) female (black) and

male (gray) Blacktip Shark, Carcharhinus limbatus, and (C) Red Drum, Sciaenops ocellatus, from the early (2008-2014; top) and modified (2015-
2021; bottom) Southeast Area Monitoring and Assessment Program Bottom Longline Survey design conducted in the northern Gulf of Mexico.

More Blacktip Sharks were caught during the modified
SEAMAP BLL survey (n = 1,073) compared to the NMFS BLL
survey (n = 590). Female Blacktip Shark mean size was significantly
larger with the NMFS BLL survey (mean: 1,166.9 + 9.8 mm FL,
range: 593-1,530 mm FL, n = 349) compared to the modified
SEAMAP BLL survey (mean: 1,043.8 = 9.6 mm FL, range: 389 -
1,341 mm FL, n = 848) survey (t = 8.263, p < 0.001; Figure 5B), and
the length distributions were significantly different (D = 0.214, p <
0.001). Similarly, male Blacktip Shark mean size was significantly
larger for the NMFS BLL survey (mean: 1036.6 + 9.7 mm FL, range:
645 - 1,346 mm FL, n = 189) compared to the modified SEAMAP
BLL survey (mean: 944.5 + 12.5 mm FL, range: 355 - 1,298 mm FL,
n = 356, Figure 5B) survey (t = 5.101, p < 0.001), and the length
distributions were significantly different (D = 0.263, p < 0.001).

Red Drum catch was relatively low within the NMFS BLL survey
(n = 77) compared to the modified SEAMAP BLL survey (n = 400).
There was no significant difference in the mean size of Red Drum for
fish caught in the modified SEAMAP (mean: 932.5 + 3.0 mm TL,
range: 492 - 1,120 mm TL, n = 400) as compared to the NMFS
(mean: 933 + 2.2 mm TL, range: 669 — 1,090 mm TL, n = 705) survey
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(t=10.203, p = 0.839). In addition, the distribution of lengths was not
significantly different (D = 0.111, p = 0.409; Figure 5C).
Standardized relative abundance indices were generated for
Atlantic Sharpnose Sharks, Blacktip Sharks, and Red Drum
(Figure 6). For Atlantic Sharpnose Sharks, the final model retained
year, SEAMAP partner, month, and bottom temperature, salinity and
dissolved oxygen in the binomial submodel, whereas the lognormal
submodel retained year, SEAMAP partner, month, depth, and bottom
temperature and salinity as significant factors (Supplementary Table 1).
For Blacktip Sharks, the final model retained the same factors in the
binomial and lognormal submodels, which included year, SEAMAP
partner, month, and bottom temperature and salinity as significant
factors (Supplementary Table 2). For Red Drum, the final model
retained year, SEAMAP partner, month, and bottom salinity and
dissolved oxygen in the binomial submodel, and the lognormal
submodel retained year, SEAMAP partner, depth, and bottom
temperature as significant factors (Supplementary Table 3). The CVs
generated from the modified SEAMAP BLL survey dataset were
slightly higher for Atlantic Sharpnose Sharks than those generated
from the early design (Figure 6). There was an increasing trend in CV
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FIGURE 5

Length frequency comparison for (A) Atlantic Sharpnose Shark, Rhizoprionodon terraenovae, (B) Blacktip Shark, Carcharhinus limbatus, and (C) Red
Drum, Sciaenops ocellatus, caught in the modified Southeast Area Monitoring and Assessment Program Bottom Longline Survey during August and
September and the National Marine Fisheries Service Bottom Longline Survey from 2015-2021.

from 2013 -2021, corresponding with a decrease in total numbers and
frequency of occurrence for this species. The CVs generated from the
modified SEAMAP BLL design for Blacktip Sharks slightly improved
and consistently remained low (Figure 6). Red Drum showed the most
substantial CV reduction with the modified SEAMAP
design (Figure 6).

Discussion

Under the modified design, the restriction of the depth stratum
allowed survey resources to be redistributed to prioritize the goal of
evenly distributing station effort throughout the 3-10 m depth stratum.
The survey was then able to fully complement half of the spatial scope
(Mexico-Texas border to the east of the Alabama-Florida border) of
the NMFS BLL survey with minimal overlap and fill a data gap for the
target species. The proportional allocation of stations by depth and the
distribution based on NMFS statistical reporting zones ensured a
spatially balanced sampling design. Finally, the seasonal timing of

Frontiers in Marine Science

the survey ensured that seasonal movement patterns of target species
could be captured (Grace et al,, 2012). This exclusion of the winter
season further maximized survey resources as it is known that sharks
move out of the coastal region during this time (Springer, 1940;
Parsons and Hoffmayer, 2005; Peterson and Grubbs, 2024).

Most state partners were conducting the early SEAMAP BLL
efforts within the boundary of the modified stratum simply due to
logistics and resource limitations. Sampling conducted off Louisiana
was the only state that showed a significant change in mean depth
sampled between the early and modified design. This state had the
capability of sampling deeper offshore waters, however, these data
were one of the primary sources of complication during the SEDAR
data combination. As 53% of early design stations conducted by
Louisiana overlapped spatially with the NMFS BLL sampling
universe, the most parsimonious solution was to restrict depth and
increase coverage in the unified stratum. This depth restriction was a
major factor in many of the effects seen in the survey comparisons.

The most common species encountered in both the early and
modified SEAMAP surveys were relatively similar, with Atlantic
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FIGURE 6

Coefficients of variation (CV) by year from standardized catch rates of Atlantic Sharpnose Shark, Rhizoprionodon terraenovae (green), Blacktip Shark,
Carcharhinus limbatus (black), and Red Drum, Sciaenops ocellatus (red) using the delta-lognormal modeling method for the Southeast Area
Monitoring and Assessment Program Bottom Longline survey early (blue region) and modified designs (light green region). Time of state partner
participation in the survey is shown by the labeled dashed lines (MS, Mississippi; TX, Texas; AL, Alabama; LA, Louisiana).

Sharpnose Sharks, Blacktip Sharks, Gafftopsail Catfish, and Red
Drum being predominant. There were six species, however, that
were caught in noticeably lower numbers in the modified survey. This
shift was likely a result of the depth restriction in the modified design.
Smoothhounds, Red Snapper, and King Snake Eel are known deeper
water species (McEachran and Fechhelm, 2005; Castro, 2011), while
Tiger Sharks, Scalloped Hammerheads, and Sandbar Sharks are large
coastal shark species that often partition to deeper habitats than the
small coastal shark species (Castro, 2011). Several of these species are
federally managed, including Red Snapper, Smoothhounds, Scalloped
Hammerheads, and Sandbar Sharks, and their loss in the
composition was concerning; however, as all are caught in
relatively high numbers on the NMFS BLL survey, their population
signature is still being captured. The ANOSIM also detected a
significant difference in the composition between the early and
modified designs; however, the Global R statistic confirmed that
the effect is negligible due to the composition overlap. The
dissimilarity was driven by Atlantic Sharpnose Sharks, Blacktip
Sharks, Gafftopsail Catfish, and Red Drum, which were the
common species in both designs. This small effect was likely due to
the exclusion of the deeper Louisiana stations in the early design from
the analysis, where the mature female Atlantic Sharpnose Sharks were
caught in higher numbers.

When comparing the modified SEAMAP and NMFS survey, the
ANOSIM detected a significant difference in the composition;
although the Global R statistic inferred the effect was moderate due
to some species overlap. The dissimilarity was driven by Blacktip
Sharks, Atlantic Sharpnose Sharks, Gafftopsail Catfish, and Red
Snapper. In this case, Red Snapper was the only species not present
in the modified design and likely had the greatest effect on the R value.
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Atlantic Sharpnose Shark showed the greatest shift between the
early and modified designs. With the modified design, there was a
substantial decrease in the overall catch rate, as well as a shift from a
mixed catch of males and females to mainly males. Female Atlantic
Sharpnose Sharks are known to remain in deeper offshore waters
once mature (size at maturity: 620 mm FL; Hoffmayer et al., 2013b),
and mature males return to coastal areas of the GOM each spring
(Parsons and Hoffmayer, 2005; Hoffmayer et al., 2006), therefore
this shift in the size composition is not surprising as the depth strata
for the modified design was restricted to 3 -10 m. Comparison of the
Atlantic Sharpnose Shark catch between the modified SEAMAP
design and NMFS BLL survey corroborates this as the NMFS survey
captures the offshore female Atlantic Sharpnose Shark signature
while the modified SEAMAP survey captures the portion of adult
males that are moving inshore.

This species was the only assessed species that showed an
increase in CV with the modified design indicating a reduction in
the frequency of occurrence for this species. This may be due to a
gear bias selecting against the smallest Atlantic Sharpnose Shark
size classes. Hoffmayer et al. (2013b) showed that Atlantic
Sharpnose Sharks pup at approximately 350 mm resulting in a
neonate shark with a mouth gape that could not consume a 15/0
hook with a large piece of bait. The length frequency histograms
show that Atlantic Sharpnose Sharks are not caught in larger
numbers until the 500 mm size class. There may also be a
concerning trend occurring for this species that our analysis is
capturing. The modified SEAMAP design showed a reduction in
catch, which was surprising considering that the Atlantic Sharpnose
Shark typically had the highest catch rates. However, looking at
trends in catch across multiple GOM surveys since 2013, there has
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been a consistent decline in Atlantic Sharpnose shark catch (NMFS,
unpub. data). Therefore, the increase in CV and the decrease in
catch may highlight a true population-level shift in abundance.

Blacktip Sharks exhibited an increase in frequency of
occurrence and relative abundance with the modified SEAMAP
BLL design compared to the early design. The number of Blacktip
Sharks caught was more than double, and included a similar mix of
males and females, and length frequencies. This is not surprising
since the survey’s new depth boundary encompassed the species’
known depth range (Compagno, 1984; Castro, 2011). The low catch
numbers in the early design were likely driven by the imbalance of
sampling effort across the different state partners. It was found that
the modified SEAMAP BLL survey catches a larger number as well
as a broader size range of Blacktip Sharks than the NMFS BLL
survey and will ultimately become a better indicator for population
abundance. Although the CVs for the Blacktip Shark’s relative
abundance index only slightly improved with the modified design,
the increased catch that this survey will have as compared to the
NMES BLL survey will improve the precision for this species.

Red Drum exhibited an increased frequency of occurrence
between the early and modified SEAMAP BLL survey designs.
There were more than twice as many Red Drum caught across
the adult size range with the modified design resulting in greatly
improved CVs. As Red Drum is a coastal, shallow water species that
prefers sand and mud bottoms in the GOM (McEachran and
Fechhelm, 2005), these changes were likely driven by the
restricted sampling depth with the modified design. Red Drum is
a highly sought after recreational and commercial species that was
recently assessed in the GOM in a data limited stock assessment
(SEDAR 49, 2016) with only a single fishery independent dataset
from a limited spatial area eligible for evaluation (SEDAR 49, 2016).
It was recommended to either expand current inshore surveys that
catch Red Drum or develop a new survey to characterize the relative
abundance and size composition of Red Drum across the GOM
(SEDAR 49, 2016). The modified SEAMAP BLL survey, especially
with the recent expansion into Florida waters (2024), shows
promise for generating a future index of abundance for Red Drum.

Multi-species surveys that target highly migratory species such as
sharks will continually be faced with concern over the spatial and
temporal universe covered by the survey, as catchability can be
continually changing and influenced by many factors such as
environmental, management, or biological processes (Simpfendorfer
et al,, 2002; Wilberg et al., 2010). Surveys are always designed with the
best intentions for gathering data on the target species; however, the
decision to change the design of a long-term survey should never be
taken lightly. Instead, routine evaluation of the survey data to ensure
that it continues to meet management needs is suggested (Bonar et al.,,
2009; Wang et al,, 2018; Vecchio et al,, 2023; Cheng et al., 2024).

The survey modification steps discussed herein are typical of the
maturation process for a multi-agency survey. The transition to a
spatially balanced, unified sampling design and the reduction of
spatial overlap with concurrent surveys improved target species’
relative abundance index CVs and reduced the potential
redundancy in information provided by the respective BLL
surveys. Although catch of some species were lost in the design
change (i.e, Red Snapper, Smoothhound, Sandbar Shark; all still

Frontiers in Marine Science

11

10.3389/fmars.2024.1426756

present in the NMFS survey), the change has resulted in higher
catches of several FMP teleost and elasmobranch species that are
highly important to commercial and recreational fisheries,
including Blacktip Sharks, Bull Sharks, and Red Drum. Further,
length frequencies for Atlantic Sharpnose Sharks and Blacktip
Sharks showed that the modified SEAMAP BLL survey data was
reflecting a different portion of the population than the NMES
BLL Survey.

With the addition of Florida to the modified SEAMAP BLL
Survey in 2024, the SEAMAP BLL Survey will cover the entire
spatial scope of the 3 - 10 m depth zone in the northern GOM. This
consistent effort across the entire GOM basin will further improve
the precision and utility of the data collected. Ultimately, these two
surveys (SEAMAP and NMFS BLL) will represent the most
comprehensive, standardized BLL dataset in the Gulf of Mexico.
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