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INTRODUCTION 

The NMFS began using vertical line (VL) gear in conjunction with SEAMAP reef-fish video surveys in 
2010, primarily to obtain physical samples (gonads, otoliths) for supplemental life-history studies of the 
population segment targeted by the video survey.  State partners began using similar VL sampling 
methods in subsequent years (Alabama: 2010, Louisiana: 2011, Florida FWRI: 2013, Texas: 2015, and 
Mississippi: 2016).  By 2012, all state partners were using the same gear and deployment methods, with 
minor exceptions.  By 2016, all state partners were also following a unified sampling design (GSMFC 
2018).  These standardized VL surveys are useful in providing physical samples; they are also valuable for 
the estimation of fishery-independent, relative indices of abundance (Campbell et al 2017).  These 
indices are particularly valuable for reef-fish species like Red Snapper because, unlike some other 
indices, which are based on the catch from gears like trawls and bottom long-lines, the VL gear 
specifically targets the exploited segment of the Red Snapper population.  Our goal was to use the 
SEAMAP vertical line survey data collected by state partners in Texas, Louisiana, Mississippi, Alabama, 
and Florida to estimate a gulf-wide index of abundance for Red Snapper conditioned on region, depth, 
and habitat type. 

SAMPLING DESIGN 

Before 2016, state partners employed a variety of systems to select station locations for their VL 
surveys.  In 2015, the SEAMAP subcommittee developed a uniform sampling design that was 
subsequently adopted by the state partners beginning in 2016.  Here we present a short history of the 
state-specific designs leading up to the currently employed uniform sampling design. 

Alabama 

In collaboration with the University of South Alabama, Alabama MRD has been using side-scan sonar to 
map a large portion of the shelf region with an initial emphasis on the Alabama Artificial Reef Permitting 
Zone (ARPZ).  Each year, they randomly select 2km x 2km grid cells for mapping.  In 2012, they randomly 
selected 12 previously mapped grid cells within the ARPZ, proportionally allocated across three depth 
strata (20-40m, 40-60m, and 60-100m), and then randomly selected two structure and two non-
structure sites within each of the selected grid cells to sample using both ROV video and VL gear.  In 
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2013, they increased the total number of grid cells to 18.  In 2014, they increased overall effort to 24 
grid cells (48 stations), included grid cells outside of the ARPZ, increased the maximum depth in their 
deepest depth stratum from 100m to 120m, and conducted half (n = 24) of their VL surveys along with 
paired ROV video surveys and half (n = 24) without paired ROV surveys.  In 2015, they selected 18 grids 
and sampled two thirds of the stations (n = 24) with both VL and ROV and one third (n = 12) with VL 
only. 

Louisiana 

From 2011 to 2015, Louisiana sampled using a quarterly rotation across three equal width longitudinal 
zones.  Each zone was further divided into one-minute (longitude) sections.  Sites were randomly 
selected within these one-minute subsections with a final safety filter at the chief scientist’s discretion.  
Sites were further divided into habitat and depth strata with the following sample allocations: 23% 
artificial reefs, 3% natural bottom, 74% petroleum platforms, 54% shallow (30-40m), 27% medium-
depth (40-60m), and 19% deep (60-120m) (Campbell et al 2017). 

Florida 

In 2013, Florida’s VL effort was allocated to sites that were selected from a larger group of “fishing 
points” provided by industry partners.  These were nearly exclusively restricted to artificial reef habitats.  
However, beginning in 2014, Florida began to use side-scan sonar to map randomly selected grids across 
three statistical zones (9, 4 & 5), further divided into three depth zones (shallow: 10-37m, mid-depth: 
37-110m, deep: 110-200m).  They then randomly selected VL stations from habitats identified in the 
mapped grids including both natural and artificial reefs. 

Texas 

In 2015, Stations were randomly selected from a universe of known reef habitat between 10 and 40m 
depth and across statistical zones 17-21.  These stations consisted primarily of oil and gas platforms 
(Campbell et al 2017). 

SEAMAP uniform sampling design 

In 2016 the state partners adopted the SEAMAP uniform sampling design.  This design divides the GoM 
offshore waters between 10 and 150m depth into 150 by 150m cells.  Each cell is assigned one or more 
habitat classifications based on multiple habitat data sources.  Habitat types include unknown, known 
natural reef, presumed natural or artificial reef, oil/gas platforms, and artificial reefs.  Sampling effort 
(number of stations) is allocated proportionally based on the area of each habitat type in each depth 
zone and the area of each depth zone in the overall region.  Stations are then randomly selected based 
on this allocation (GSMFC 2018). 

SURVEY METHODS 

Survey gear and methods have been largely uniform, with only very small differences among the various 
state partners since 2012 (GSMFC 2018).  The VL gear consists of four major parts, the mainline and reel, 
the backbone, the gangions (with hooks), and the weight.  Reels used are typical commercial grade 
“bandit” type reels (e.g., Waterman Standard Electric Bottom Reel).  These hold spools of approximately 
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500 ft of 300 to 400 lb. test, clear monofilament mainline.  The mainline is connected to a detachable 
backbone that is 6.7m long and made of 400 lb. test clear monofilament.  The mainline carries ten 
detachable 46 cm long gangions constructed of twisted 100 lb. monofilament placed at 61 cm intervals.  
Each gangion carries a single circle hook baited with Atlantic mackerel (Scomber scombrus).  Hook size is 
the same for the entire backbone, but a backbone can carry 8/0, 11/0, or 15/0 size hooks.  Each 
backbone is weighted with a 10 lb. weight (rebar, shot, anchor, etc.).   

The standard survey consists of three backbones, one with each of the three hook sizes, fished from 
three bandit rigs simultaneously from a single vessel (GSMFC 2018).  If a vessel was too small to fish 
three rigs simultaneously, the modified procedure was to fish two randomly selected hook sizes at the 
first station of the day and then rotate through the three hook sizes for the remainder of the stations for 
that day.  In either case, the three hook sizes were rotated to different positions on the vessel 
throughout the day.  When the survey vessel arrives at the target latitude and longitude, they use their 
depth sounder to locate the precise position of the reef.  The vessel holds station over this position for 
the duration of the deployment.  Gear is typically fished with the weight just off the bottom to maintain 
taught lines, but depth fished can be adjusted based on safety concerns and/or to avoid known hypoxic 
conditions.  Once all three rigs are locked in at the fishing depth, they are soaked for five minutes before 
retrieval.  After five minutes, all three rigs are reeled in simultaneously if possible.  Catch was identified, 
weighed (kg), and measured (FL, mm).  Otolith and gonads samples were collected from a random 
subset of fish. 

INDICES OF ABUNDANCE 

Data Acquisition and Processing 

We acquired data from both the GSMFC SEAMAP VL database and directly from state partners.  We 
compiled the data and conducted extensive QA/QC checks.  There were two important issues uncovered 
during this process that we were not able to fix.  First, there were a substantial number of stations from 
Texas in 2021 that listed more than three backbones fished.  While there is likely an easy fix to this 
problem, we did not receive the 2021 Texas data in time to resolve it.  Therefore, these data (All Texas 
2021) were excluded from the analysis.  The other issue was that it became evident that a substantial 
number of “stations” in the dataset were repeat samples occurring at the same physical locations.  
When these occurred on the same day, we censored the second sample, but when they occurred on 
different days (typically these were separated by several months if not years) we left them in the 
analysis.  Multiple samples taken at the same location/reef should ideally not be treated as independent 
replicates because doing so can cause the resulting estimates of uncertainty to be anti-conservative (i.e., 
too narrow).  The best way to model such data is to use a mixed-effects model with a random location 
or reef ID factor (Bolker et al 2009, Zurr et al 2009).  Unfortunately, due to the limited timeline of this 
analysis, we were unable to explore the fit of such models.  At the same time, we did not want to 
eliminate all repeat samples from the data set.  Therefore, the uncertainty estimates resulting from our 
analysis should be interpreted with this in mind. 

To accurately represent the fishing effort associated with each sample, we examined all fields related to 
lost or damaged gear and lost or damaged hooks.  We compared notes, OPSCODEs, HOOKSTATUS, etc. 
to determine, on a hook-by-hook basis, whether individual hooks were available to catch fish.  We used 
the count of “good” hooks (those that caught fish or were available to catch fish) on a given backbone 
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along with the soak time for that backbone to calculate backbone-specific effort in units of hooks per 
hour.  We then summed the effort across backbones at a station to calculate the total station-level 
effort.  This was important because some backbones had different numbers of “good” hooks and/or 
different soak times.  Stations with effectively zero effort (all hooks missing, lost gear, etc.) were 
censored. 

We also created several new predictors to use in model fitting.  First, we created a Zone predictor based 
on “Option C” from the SEDAR 74 Stock ID Report.  All Texas and Louisiana stations were included in the 
West Zone, All Alabama stations and all Florida stations ≥ 29.0° N latitude were included in the Central 
Zone, and All Florida stations < 29.0° N latitude were included in the East Zone.  Next, we created a 
coarse two-level habitat type predictor by filtering existing habitat classification fields in the various data 
sources.  All samples identified as having occurred at artificial reefs, petroleum platforms, stand-pipes, 
etc. were categorized as Artificial Reef habitat type, and all samples identified as having occurred at 
natural bottom or natural reef were categorized as Natural Bottom habitat type.  Samples identified as 
having occurred on unknown or unstructured habitats were censored from the data set (n = 48).  Next, 
we created a three-level Depth factor using the SEAMAP depth strata (Shallow = 10-20m, Mid-depth = 
20-40m, and Deep = 40-150m).  Finally, we created three binomial Hook-size indicator variables for each 
of the hook sizes used in the survey.  This was used to account for the fact that not all three hook sizes 
were fished at all sites (e.g., when only two backbones were fished off smaller vessels).  These were 
based on the number of “good” hooks of each size fished at a station.  For example, the 8/0 Hook-size 
indicator was equal to 1 if eight or more “good” hooks of this size were fished at the station and equal to 
0 if seven or fewer “good” hooks were fished at the station. 

Because of the lack of standardization of gear and deployment methods existing before 2012, we did 
not include any data from earlier years in our analysis.  Unfortunately, data from Mississippi were not 
acquired in time to include in the current analysis.  However, we now have those data in hand, and can 
integrate them into the analysis later if desired.  

Sample coverage 

While our goal was to develop an index of abundance conditioned on region, depth, and habitat type, 
the data did not include sufficient representation in each orthogonal combination of these variables for 
a synoptic examination (Tables 1-3, Figures 1-7).  Coverage was very limited for several categories.  
Sample sizes were insufficient for accurate estimation of relative abundance on Deep Artificial reefs and 
on both Shallow and Mid-depth Natural reefs in the West and Central Zones.  Conversely, sample sizes 
were too small for Shallow and Mid-depth Artificial reefs and Deep Natural reefs in the East Zone.  
Additionally, samples in the West Zone were dominated by those from Louisiana, particularly in the 
early and late years.  Similarly, samples in the Central Zone were dominated by those from Alabama 
during the early and late years.  Due to the lack of balanced sample coverage across the factors of 
interest, we constructed several models, each including different sets of predictors, to try to provide 
informative indices of abundance across various segments of the population.  It is important to keep in 
mind that the estimates from these models are greatly influenced by the various biases in sample 
coverage, which should be considered when interpreting the various indices.  We considered attempting 
to use a weighted model that would account for some of these biases.  Unfortunately, there was not 
enough information available across the various combinations of the factors of interest to construct a 
defensible or comprehensive weighting scheme.  Additionally, there is no weighting scheme that can 
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account for orthogonal combinations of predictors that are simply lacking sufficient sample coverage to 
provide estimates of the response variable. 

Model fitting and results 

The unconditional distribution of the response variable (RScount = number of Red Snapper caught per 
station) had a low mean (3.23), a high variance (24.75) and a high proportion of zeros (53%, Figure 8).  
When conditioned on year, these patterns remained evident, suggesting that a negative binomial GLM, 
or negative binomial GLM with additional zero inflation, would likely provide the best fit to the data.   

We anticipated that the imbalances and incomplete coverage in the dataset would limit the complexity 
of models that could be fit to the data.  Therefore, our strategy was to start simple and then add 
complexity by incorporating additional factors of interest.  We started with a simple conditional model 
of Red Snapper count as a function of Year (as a categorical predictor) and the three hook-size indicator 
variables with an offset for effort. 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ~ 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + 𝐻𝐻𝑅𝑅8 + 𝐻𝐻𝑅𝑅11 + 𝐻𝐻𝑅𝑅15 + offset(log(𝐻𝐻𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻𝑅𝑅𝑅𝑅𝑌𝑌𝐻𝐻)) 

We fit GLMs with three different distributions (Poisson, negative binomial type 1, and negative binomial 
type 2) using this same conditional formula.  We also fit three corresponding zero-inflation mixture 
models with the zero-inflation parameter conditioned on the Year factor.  The best fitting model 
according to AIC was the negative binomial type 1 GLM with zero-inflation (Table 4).  We calculated 
randomized quantile (RQ) residuals from our model (Dunn & Smyth 1996; Gelman & Hill 2006, Hartig 
2022) and assessed model fit using a quantile-quantile plot along with plots of residuals against fitted 
values and against the Year predictor.  All plots indicated an acceptable model fit (Figures 8 & 9).  Plots 
of residuals against predictors that were not in the model (i.e., Zone, Depth, and Habitat) suggested that 
their inclusion might improve model fit (Figure 9).  All the predictors (Year and all three hook-size 
indicators) had a significant effect on the response variable based on “leave-one-out” likelihood ratio 
tests (LRT, all p-values < 0.001).  This model resulted in a single gulf-wide index of abundance (Table 5, 
Figure 10).  This index is naïve in that it incorporates all the site selection biases inherent in the data set 
(e.g., more artificial reef than natural reef samples; more samples from AL and LA than other areas, 
particularly in the early and late years; more deep natural reefs and shallow artificial reefs in the West 
and Central zones; more shallow natural reefs and deep artificial reefs in the East, etc.).   

To build a more comprehensive picture of Red Snapper relative abundance, we wanted to take some of 
these other potential predictors into account by including them in the models.  We began by fitting 
conditional models of Red Snapper count as a function of Year, Habitat, the Year:Habitat interaction, 
and the three hook-size indicators with an offset for effort.   

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ~ 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + 𝐻𝐻𝑌𝑌𝐻𝐻𝐻𝐻𝑅𝑅𝑌𝑌𝑅𝑅 + 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌:𝐻𝐻𝑌𝑌𝐻𝐻𝐻𝐻𝑅𝑅𝑌𝑌𝑅𝑅 +  𝐻𝐻𝑅𝑅8 + 𝐻𝐻𝑅𝑅11 + 𝐻𝐻𝑅𝑅15 + offset(log(𝐻𝐻𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻𝑅𝑅𝑅𝑅𝑌𝑌𝐻𝐻)) 

Again, we fit the same six GLMs as described above.  Based on AIC, the best fitting of these models was 
again the type 1 negative binomial model with zero inflation (Table 6).  Diagnostic plots as described 
above indicated an acceptable model fit (Figures 11 & 12).  Based on LRTs, the Year:Habitat interaction 
and all three hook-size indicators were significant predictors of Red Snapper catch (all p-values < 
0.0001).  The indices from this model are conditional on year and habitat type but are averaged over all 
other potential predictors and therefore suffer from the same potential sampling design biases as the 
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more naïve model above.  The difference is that this model considers the differences in catch between 
the two major habitat types sampled, artificial and natural reefs (Table 7, Figure 13). 

We repeated the above for models including Year, Depth, and the Year:Depth interaction (Tables 8 & 9, 
Figures 14-16) as well as for Year, Zone, and the Year:Zone interaction (Tables 10 & 11, Figures 17-19). 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ~ 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + 𝐷𝐷𝑌𝑌𝐷𝐷𝑅𝑅ℎ + 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌:𝐷𝐷𝑌𝑌𝐷𝐷𝑅𝑅ℎ + 𝐻𝐻𝑅𝑅8 + 𝐻𝐻𝑅𝑅11 + 𝐻𝐻𝑅𝑅15 + offset(log(𝐻𝐻𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻𝑅𝑅𝑅𝑅𝑌𝑌𝐻𝐻)) 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅 ~ 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌 + 𝑍𝑍𝑅𝑅𝑅𝑅𝑌𝑌 + 𝑌𝑌𝑌𝑌𝑌𝑌𝑌𝑌:𝑍𝑍𝑅𝑅𝑅𝑅𝑌𝑌 + 𝐻𝐻𝑅𝑅8 + 𝐻𝐻𝑅𝑅11 + 𝐻𝐻𝑅𝑅15 + offset(log(𝐻𝐻𝑅𝑅𝑅𝑅𝐻𝐻𝐻𝐻𝑅𝑅𝑅𝑅𝑌𝑌𝐻𝐻)) 

Since there were no samples collected in the East Zone in the early (2012) and late (2019-2021) parts of 
the time series, the only way to fit the Year + Zone + Year:Zone model was to censor these early and late 
years from the dataset.  As an alternative, we also fit three separate models, one for each Zone (West, 
Central, and East) using the full time series available for each Zone.  All three models were type 1 
negative binomial models with zero-inflation with Red Snapper count conditioned on Year, the three 
hook-size indicators, and an offset for effort and with the zero-inflation component conditioned on Year.  
We present the fitted values and uncertainties from the three models on the same plot for comparison 
(Table 12, Figures 20 & 21).  

We attempted to further generalize the resulting indices by fitting models to more than two predictors 
at once including Year, Depth, Habitat; Year, Depth, Zone; and Year, Habitat, Zone.  In all three cases, 
even for severely restricted subsets of the data, we ran into model convergence issues.  There were 
simply not enough non-zero responses in some cells for the models to converge reliably. 

All model fitting was conducted in the R environment for statistical computing (R Core Team 2022) and 
utilized the glmmTMB package (Brooks et al 2017).  We used the DHARMa package (Hartig 2022) to 
calculate randomized quantile (RQ) residuals. 

We have plotted the length frequency distributions for all of the fish included in the analysis both 
pooled and broken down by hook-size, Zone, and both hook-size and Zone (Figures 22-25). 

DISCUSSION 

During the early years of sampling (2012-2015), spatial coverage was severely limited and there was a 
general lack of standardization among the sampling designs employed by the various state partners.  
This has resulted in what are likely to be severely biased samples (e.g., most early surveys are 
concentrated in the Alabama Reef Permit Zone and the area in Louisiana directly south of the Mississippi 
delta known as “Rig City” and all East samples from 2013 and all Texas samples from 2015 occurred on 
artificial habitats).  Even during years with the most complete spatial coverage (2016-2018) certain 
combinations of Zone, Habitat, and Depth are simply not well represented (e.g., Mid-depth artificial 
reefs in the East Zone, Shallow and Mid-depth natural reefs in the Central and West Zones).  Low sample 
numbers in particular categories are likely a function of low availability of stations that fit those 
categories.  In this sense, they are not particularly problematic in terms of introducing bias.  They are, 
however, a barrier to the use of models as estimation tools.  This issue is exacerbated by the high 
proportion of zeros in the data set.  Small sample sizes in particular orthogonal combinations of 
predictors, combined with a high proportion of zero responses results in a high likelihood that all the 
samples for a particular combination of factor levels are zeros.  This makes the variance estimation 
necessary for model fitting impossible. 
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With the above caveats in mind, the overall “naïve” index, with CPUE modelled on Year, reflects a 
consistent and relatively strong downward trend over the time series (even ignoring the anomalously 
high estimate for 2012).  This appears to be at least qualitatively similar in the early part of the time 
series (pre-2016) as in the later part (post 2016).  The “by habitat” indices appear to be divergent in the 
early years (pre-2016) with higher CPUE on artificial reefs than on natural reefs, and more convergent in 
later years (post 2016) when the difference between the two habitats disappears.  Based on previous 
analyses of similar data sets (Campbell et al 2017), we expected a much more consistent difference 
between the two habitat types with artificial reefs outperforming natural reefs.  The “by Depth” indices 
exhibit patterns that reflect the overall pattern in the Year-only index, namely a generally consistent 
decline in CPUE across the series.  In general, it appears the Shallow index has somewhat lower CPUE 
across the time series with a more prominent and earlier onset decline than the other two depth strata.  
The Mid-depth stratum has the highest overall CPUE with some indication of a decline in the later years.  
The Deep stratum exhibits moderate CPUE with some suggestion of a late decline.  The “by Zone” 
indices again reflect the overall pattern of steady decline in CPUE across the time series seen in the Year-
only index, at least for the West and Central Zones.  The Central Zone exhibits the most drastic decline, 
with a slower and less consistent decline in the West Zone.  The East zone, while exhibiting the lowest 
CPUE by far, does not appear to be declining.  If anything, there may be a suggestion of a decline 
between 2013 and 2014 with a slight increase from 2014 onwards, although the increase is quite small 
relative to the overall uncertainty in the index. 
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Table 1:  Number of VL stations in the West Zone across years, depth strata, and habitat types. 

 

Table 2:  Number of VL stations in the Central Zone across years, depth strata, and habitat types. 

 

Table 3:  Number of VL stations in the East Zone across years, depth strata, and habitat types 
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Figure 1:  Maps of VL stations conducted in 2012 (top) and 2013 (bottom).  Orange circles represent 
artificial reefs, while light-blue triangles represent natural bottom.  Zones (West, Central, and East) are 
as described in “Option C” from the SEDAR 74 Stock ID Report.  Isobath lines represent the limits of the 
SEAMAP depth strata (10, 20, 40, and 150 m). 
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Figure 2:  Maps of VL stations conducted in 2014 (top) and 2015 (bottom).  Orange circles represent 
artificial reefs, while light-blue triangles represent natural bottom.  Zones (West, Central, and East) are 
as described in “Option C” from the SEDAR 74 Stock ID Report.  Isobath lines represent the limits of the 
SEAMAP depth strata (10, 20, 40, and 150 m). 
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Figure 3:  Maps of VL stations conducted in 2016 (top) and 2017 (bottom).  Orange circles represent 
artificial reefs, while light-blue triangles represent natural bottom.  Zones (West, Central, and East) are 
as described in “Option C” from the SEDAR 74 Stock ID Report.  Isobath lines represent the limits of the 
SEAMAP depth strata (10, 20, 40, and 150 m). 
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Figure 4:  Maps of VL stations conducted in 2018 (top) and 2019 (bottom).  Orange circles represent 
artificial reefs, while light-blue triangles represent natural bottom.  Zones (West, Central, and East) are 
as described in “Option C” from the SEDAR 74 Stock ID Report.  Isobath lines represent the limits of the 
SEAMAP depth strata (10, 20, 40, and 150 m). 
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Figure 5:  Maps of VL stations conducted in 2020 (top) and 2021 (bottom).  Orange circles represent 
artificial reefs, while light-blue triangles represent natural bottom.  Zones (West, Central, and East) are 
as described in “Option C” from the SEDAR 74 Stock ID Report.  Isobath lines represent the limits of the 
SEAMAP depth strata (10, 20, 40, and 150 m). 
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Figure 6:  Top: Maps of VL stations conducted from 2012-2021.  Orange circles represent artificial reefs, 
while light-blue triangles represent natural bottom.  Zones (West, Central, and East) are as described in 
“Option C” from the SEDAR 74 Stock ID Report. 

 

Figure 7:  Bubble plot of vertical line CPUE of Red Snapper at stations sampled from 2012-2021.  Zero-
catch samples are plotted as black “+” symbols.  
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Table 4:  Comparison of ΔAIC among six competing initial models.  The conditional formula for all models 
was Red Snapper catch as a function of the Year factor and the three hook-size indicator variables.  The 
zero-inflation component was conditioned on the Year factor. 
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Figure 8:  Quantile-Quantile plot (left) and Residual vs. Predicted values (right) from a type 1 negative 
binomial GLM with zero-inflation.  Response modeled as a function of the Year factor and the three 
hook-size indicators.  Zero-inflation modeled as a function of the Year factor.  Residuals are randomized 
quantile residuals.   

 

Figure 9:  Plots of randomized quantile residuals against predictors that were (year) and were not 
(Source, Zone, Habitat, Depth) included in the model.  From a type 1 negative binomial GLM with zero-
inflation.  Response modeled as a function of the Year factor and the three hook-size indicators.  Zero-
inflation modeled as a function of the Year factor.   
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Table 5:  Model predictions from type 1 negative binomial GLM with zero-inflation.  The conditional formula for the model was Red Snapper 
catch as a function of the Year factor and the three hook-size indicator variables.  The zero-inflation component was conditioned on the Year 
factor.  Fit, SE, CV, LL, and UL (resp.) are the model fitted values, standard errors, coefficient of variation (SE/Fit), and approximate lower and 
upper limits of a 95% confidence interval, all on the response scale.  Fit, LL, and UL (stand.) are standardized values (divided by the mean of the 
fitted values). 
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Figure 10:  Standardized index of abundance based on model predictions from type 1 negative binomial 
GLM with zero-inflation.  The conditional formula for the model was Red Snapper catch as a function of 
the Year factor and the three hook-size indicator variables.  The zero-inflation component was 
conditioned on the Year factor. 
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Table 6:  Comparison of ΔAIC among six competing initial models.  The conditional formula for all models 
was Red Snapper catch as a function of Year, Habitat, the Year:Habitat interaction, and the three hook-
size indicator variables.  The zero-inflation component was conditioned on Year, Habitat, and the 
Year:Habitat interaction. 
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Figure 11:  Quantile-Quantile plot (left) and Residual vs. Predicted values (right) from a type 1 negative 
binomial GLM with zero-inflation.  Response modeled as a function of Year, Habitat, the Year:Habitat 
interaction, and the three hook-size indicators.  Zero-inflation modeled as a function of Year, Habitat 
and the Year:Habitat interaction.  Residuals are randomized quantile residuals.   

 

Figure 12.  Plots of randomized quantile residuals against predictors that were (Year, Habitat) and were 
not (Source, Zone, Depth) included in the model.  From a type 1 negative binomial GLM with zero-
inflation.  Response as a function of Year, Habitat, the Year:Habitat interaction and the three hook-size 
indicators.  Zero-inflation modeled as a function of Year, Habitat, and the Year:Habitat interaction.
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Table 7:  Model predictions from type 1 negative binomial GLM with zero-inflation.  The conditional formula for the model was Red Snapper 
catch as a function of Year, Habitat, the Year:Habitat interaction, and the three hook-size indicator variables.  The zero-inflation component was 
conditioned on Year, Habitat, and the Year:Habitat interaction.  Fit, SE, CV, LL, and UL (resp.) are the model fitted values, standard errors, 
coefficient of variation (SE/Fit), and approximate lower and upper limits of a 95% confidence interval, all on the response scale.  Fit, LL, and UL 
(stand.) are standardized values (divided by the mean of the fitted values). 
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Figure 13:  Standardized index of abundance based on model predictions from type 1 negative binomial 
GLM with zero-inflation.  The conditional formula for the model was Red Snapper catch as a function of 
Year, Habitat, the Year:Habitat interaction, and the three hook-size indicator variables.  The zero-
inflation component was conditioned on Year, Habitat, and the Year:Habitat interaction. 
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Table 8:  Comparison of ΔAIC among six competing initial models.  The conditional formula for all models 
was Red Snapper catch as a function of Year, Depth, the Year:Depth interaction, and the three hook-size 
indicator variables.  The zero-inflation component was conditioned on Year, Depth, and the Year:Depth 
interaction. 
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Figure 14:  Quantile-Quantile plot (left) and Residual vs. Predicted values (right) from a type 1 negative 
binomial GLM with zero-inflation.  Response modeled as a function of Year, Depth, the Year: Depth 
interaction, and the three hook-size indicators.  Zero-inflation modeled as a function of Year, Depth and 
the Year: Depth interaction.  Residuals are randomized quantile residuals.   

 

Figure 15.  Plots of randomized quantile residuals against predictors that were (Year, Depth) and were 
not (Source, Zone, Habitat) included in the model.  From a type 1 negative binomial GLM with zero-
inflation.  Response as a function of Year, Depth, the Year: Depth interaction and the three hook-size 
indicators.  Zero-inflation modeled as a function of Year, Depth, and the Year: Depth interaction.
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Table 9:  Model predictions from type 1 negative binomial GLM with zero-inflation.  The conditional formula for the model was Red Snapper 
catch as a function of Year, Depth, the Year: Depth interaction, and the three hook-size indicator variables.  The zero-inflation component was 
conditioned on Year, Depth, and the Year: Depth interaction.  Fit, SE, CV, LL, and UL (resp.) are the model fitted values, standard errors, 
coefficient of variation (SE/Fit), and approximate lower and upper limits of a 95% confidence interval, all on the response scale.  Fit, LL, and UL 
(stand.) are standardized values (divided by the mean of the fitted values). 
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Figure 16:  Standardized index of abundance based on model predictions from type 1 negative binomial 
GLM with zero-inflation.  The conditional formula for the model was Red Snapper catch as a function of 
Year, Depth, the Year:Depth interaction, and the three hook-size indicator variables.  The zero-inflation 
component was conditioned on Year, Depth, and the Year:Depth interaction. 
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Table 10:  Comparison of ΔAIC among six competing initial models.  The conditional formula for all 
models was Red Snapper catch as a function of Year, Zone, the Year: Zone interaction, and the three 
hook-size indicator variables.  The zero-inflation component was conditioned on Year, Zone, and the 
Year: Zone interaction. 
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Figure 17:  Quantile-Quantile plot (left) and Residual vs. Predicted values (right) from a type 1 negative 
binomial GLM with zero-inflation.  Response modeled as a function of Year, Zone, the Year: Zone 
interaction, and the three hook-size indicators.  Zero-inflation modeled as a function of Year, Zone and 
the Year: Zone interaction.  Residuals are randomized quantile residuals.   

 

Figure 18.  Plots of randomized quantile residuals against predictors that were (Year, Zone) and were not 
(Source, Depth, Habitat) included in the model.  From a type 1 negative binomial GLM with zero-
inflation.  Response as a function of Year, Zone, the Year: Zone interaction and the three hook-size 
indicators.  Zero-inflation modeled as a function of Year, Zone, and the Year: Zone interaction.
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Table 11:  Model predictions from type 1 negative binomial GLM with zero-inflation.  The conditional formula for the model was Red Snapper 
catch as a function of Year, Zone, the Year: Zone interaction, and the three hook-size indicator variables.  The zero-inflation component was 
conditioned on Year, Zone, and the Year: Zone interaction.  Fit, SE, CV, LL, and UL (resp.) are the model fitted values, standard errors, coefficient 
of variation (SE/Fit), and approximate lower and upper limits of a 95% confidence interval, all on the response scale.  Fit, LL, and UL (stand.) are 
standardized values (divided by the mean of the fitted values). 
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Figure 19:  Standardized index of abundance based on model predictions from type 1 negative binomial 
GLM with zero-inflation.  The conditional formula for the model was Red Snapper catch as a function of 
Year, Zone, the Year: Zone interaction, and the three hook-size indicator variables.  The zero-inflation 
component was conditioned on Year, Zone, and the Year: Zone interaction. 
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Table 12: Model predictions from three independent type 1 negative binomial GLMs with zero-inflation, one for each Zone (West, Central, and 
East).  The conditional formula for each model was Red Snapper catch as a function of Year and the three hook-size indicator variables.  The 
zero-inflation components were conditioned on Year.  Fit, SE, CV, LL, and UL (resp.) are the model fitted values, standard errors, coefficient of 
variation (SE/Fit), and approximate lower and upper limits of a 95% confidence interval, all on the response scale.  Fit, LL, and UL (stand.) are 
standardized values (divided by the mean of the fitted values for that particular model).  
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Figure 20: Median CPUE index of abundance (not standardized) based on model predictions from three 
independent type 1 negative binomial GLMs with zero-inflation, one for each Zone (West, Central, East).  
The conditional formula for each model was Red Snapper catch as a function of Year and the three 
hook-size indicator variables.  The zero-inflation components were also conditioned on Year. 
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Figure 21: Standardized indices of abundance based on model predictions from three independent type 
1 negative binomial GLMs with zero-inflation.  Standardization is based on the mean prediction from 
each model, so the mean of each index is 1.  The conditional formula for each model was Red Snapper 
catch as a function of Year and the three hook-size indicator variables.  The zero-inflation components 
were conditioned on Year. 
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Figure 22:  Length-frequency distribution for all fish used in the analysis with separate distributions for 
fish captured on the three hook sizes.  Lengths measured in mm FL. 
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Figure 23 Length-frequency distribution for all West Zone fish used in the analysis with separate 
distributions for fish captured on the three hook sizes.  Lengths measured in mm FL. 
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Figure 24: Length-frequency distribution for all Central Zone fish used in the analysis with separate 
distributions for fish captured on the three hook sizes.  Lengths measured in mm FL. 
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Figure 25: Length-frequency distribution for all East Zone fish used in the analysis with separate 
distributions for fish captured on the three hook sizes.  Lengths measured in mm FL. 

 


