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Black sea bass (Centropristis striata) is an abundant fishery species that occupies continental shelf waters from the Gulf of Mexico to the Gulf of Maine. There has been a rapid northward shift in its center of biomass, contributing to an increase in fishing activity within the northern stock. Several research priorities have been identified for the species, including the need for a better understanding of the size of commercially caught fish, especially discards, and the catchability of black sea bass in different gear types to reduce uncertainty in the stock assessment. Here, we utilize fishery-dependent data collected by the Commercial Fisheries Research Foundation and Rhode Island Department of Environmental Management Black Sea Bass Research Fleet to address these needs. Throughout the Southern New England and Mid-Atlantic regions, 2,433 sampling sessions were completed over seven years by commercial fishermen using five gear types (trawl, gillnet, lobster-crab trap, fish pot, commercial rod and reel). Kruskal-Wallis and Kolmogorov-Smirnov tests and generalized additive models were applied to investigate differences in size composition among gear types and disposition, as well as temporal trends of landed, retained, and discarded fish. Results suggest that the size composition of black sea bass significantly differed among gear types and disposition. Depending on the gear type, a large proportion (25%-100%) of discarded fish were above the federal minimum commercial size limit. In addition, beyond the expected interannual variation in the size of black sea bass, there were no apparent positive or negative trends. The study’s results highlight the value of this cost-effective approach to quickly address data gaps for use in stock assessments while also engaging members of the fishing community.
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Introduction

Black sea bass (Centropristis striata) is an abundant bottom-dwelling fish that occupies northwestern Atlantic continental shelf waters ranging from the Gulf of Mexico to the Gulf of Maine (Miller, 1959; Mercer, 1989; Fabrizio et al., 2013). The species is important ecologically as generalist predators that feed on a wide variety of species and economically, as black sea bass supports substantial commercial and recreational fisheries (Sedberry, 1988; Huntsman, 1976; Mercer, 1989; Low, 1981). Black sea bass in the Northwest Atlantic Ocean is managed as two distinct stocks. The south Atlantic stock ranges from Florida to Cape Hatteras, North Carolina, and the north Atlantic stock ranges from Cape Hatteras to Maine (encompassing both the mid-Atlantic and New England regions) (Mercer, 1978). In recent decades, black sea bass has demonstrated a rapid northward shift in its center of biomass, which is partially attributed to changes in water temperature due to climate change (Bell et al., 2015). As a result of this change in biomass distribution, the dynamics of the Atlantic black sea bass fishery have experienced rapid changes over a large spatial scale, with the fishery becoming increasingly active in the northern stock.

For abundant species such as northern black sea bass, fishermen will oftentimes catch more large fish than they are allowed to land and will be required to discard legal-size and marketable products due to these quota constraints (commonly referred to as a regulatory discard). For example, until recently, state quotas for black sea bass were calculated based on historical statewide landings of the species up until only 2001. However, the northward shift in the biomass of black sea bass resulted in low quotas in states within the northern range of the stock compared to the abundance of black sea bass, which led to a high rate of regulatory discarding in these areas (Atlantic States Marine Fisheries Commission [ASMFC], 2021). As a result, the MAFMC and the ASMFC revised black sea bass commercial state allocations based on the observed changes in stock distribution, which effectively increased quotas for more northern states (Atlantic States Marine Fisheries Commission [ASMFC], 2021). This significant impact to the management of northern black sea bass demonstrates an important step towards more effective management of the stock. However, there is still a lack of available discard data for black sea bass, which may not only lead to uncertainty in stock assessment models, but also unnecessary mortality within the stock and economic losses for fishermen (Bellido et al., 2011; Suuronen and Gilman, 2020). Additional data is needed on the composition of fish landed versus discarded in multiple fisheries that interact with black sea bass to help fill in these gaps.

Several specific research priorities have been identified for black sea bass, including the need for a better understanding of the size of commercially caught fish, especially discards (Miller et al., 2009) and catchability in different gear types (Northeast Fisheries Science Center [NEFSC], 2017). Gear specific catch data is important because the design of each fishing gear type results in a process of selectivity bias, where each gear type can select for certain fish within a defined length range (Sathianandan, 2017). Furthermore, the northern black sea bass stock assessment is heavily reliant on data generated by trawl-based surveys, such as the NEFSC bottom trawl survey (Northeast Fisheries Science Center [NEFSC], 2023). The limited coverage of optimal habitat for black sea bass, which are structure-associated, and semi-seasonal sampling schedule of the NEFSC trawl survey may limit the suitability of the survey data for the stock assessment for this species. Furthermore, while trawl gear accounts for 45% of black sea bass commercial landings, fish pots and traps combined represent 41% in addition to the 15% represented by commercial rod and reel and other gear types (Curti et al., 2023). As these non-trawl gear types represent a significant portion of commercial landings, more size information from less-sampled gear types may provide the basis for more detailed models and/or support the development of stronger age-length keys within the stock assessment. Cost-effective fishery-dependent data collection methods are useful to rapidly fulfill research priorities in such cases and are critical in the development of effective fishery management practices (Bradley et al., 2019).

To help meet these needs and increase the ability to characterize the composition of black sea bass landed and discarded in multiple fisheries, the Commercial Fisheries Research Foundation and Rhode Island Department of Environmental Management established the Black Sea Bass Research Fleet (hereafter ‘Research Fleet’) in 2016. The Research Fleet is composed of commercial fishermen who collect fishery and biological data on black sea bass during their typical fishing activities, with representatives from trawl, pot and trap, rod and reel, and gillnet fisheries. For a full introduction on the Research Fleet approach and a summary of the data collected, please see Heimann et al. (2023).

In 2023, the Black Sea Bass Research Track Stock Assessment included, for the first time, size data collected from the Research Fleet to improve gear-specific discards-at-length estimations (Northeast Fisheries Science Center [NEFSC], 2023). Prior to inclusion in the assessment, the Research Fleet data underwent an in-depth evaluation by the assessment working group to assess data quality and applicability. Specifically, to ensure the data collected by the Research Fleet participants were representative of the fishery and comparable to other fishery-dependent data sources that did not rely on fishermen for data collection, the length data of discarded and landed black sea bass collected by the Research Fleet were compared to those collected by the Northeast Fisheries Science Center Observer Program (Verkamp et al., 2023). That comparison demonstrated gear-specific similarities in the size frequency distributions between the Research Fleet and federal observer datasets, and the Research Fleet is now a vetted source of year-round fishery-dependent data for black sea bass assessment (Verkamp et al., 2023). However, that work did not include statistical evaluations of how the data differed within the Research Fleet based on factors such as gear type and disposition.

Here, we dive deeper into the data collected by the Research Fleet to answer the following questions: 1) Does the size composition of black sea bass differ between commercial gear types? 2) Does the size composition of discarded and landed black sea bass differ within each gear type? and 3) Has the size composition of black sea bass caught, discarded, and landed within gear types changed throughout seven years of Research Fleet data collection?





Materials and methods

Data were opportunistically collected by participant Research Fleet fishermen using a Samsung Tab A tablet from November 2016 through December 2023. The tablets were equipped with the On Deck Data application, which was designed specifically for the Commercial Fisheries Research Foundation’s Research Fleets (Mercer et al., 2018) and modified for use by the Black Sea Bass Research Fleet (Heimann et al., 2023). The application records and stores data at sea and uploads it to an online database owned and managed by the Commercial Fisheries Research Foundation via Wi-Fi. Research Fleet participants were asked to collect data on three sampling sessions and 150 individual black sea bass per month; however, due to the fishery’s seasonality and opportunistic data collection, actual numbers of sessions and samples recorded by each participant per month varied widely. In addition, as the project originated in Rhode Island, the majority of vessels that participated in data collection are homeported in Rhode Island.

When participants chose to sample black sea bass from their commercial catch, they initialized On Deck Data while at-sea and began a sampling session, which is defined as hauling a set of gear or conducting a tow in one location. For each sampling session, the internal tablet GPS and calendar automatically recorded the sampling date, time, and location. The application then prompted participants to enter the NOAA statistical area, depth, habitat type (soft, hard, or structure), target species, gear type, and gear-specific effort parameters (Appendix 1). Participants then opportunistically sampled individual black sea bass. Each fish that was sampled was measured for total length (TL) to the nearest cm, visually identified for sex (male, female, or unknown), and the disposition of the fish (retained or discarded) was recorded. Finally, participants recorded the total number or pounds of black sea bass caught. Research Fleet participants later uploaded data to a SQL database which was regularly audited for quality assurance and control, and any identified potential data errors were discussed with participants, as described in Mercer et al. (2018).

Statistical analyses were conducted in R (R Core Team, 2024) with alpha values set at 0.05. To characterize the size composition of black sea bass caught for each gear type (trawl, gillnet, lobster-crab trap, fish pots, and commercial rod and reel), a Kruskal-Wallis test followed by Dunn’s post hoc test with Bonferroni corrections was used to compare the median length of all fish sampled by each gear type. The addition of Bonferroni corrections was chosen despite the risk of a type II statistical error occurrence because the detection of fine-scale significant effect of gear type on black sea bass size composition was deemed unnecessary for initial exploration. The length frequency distributions of all black sea bass sampled by each gear type were also compared using pairwise two-sample, two-sided Kolmogorov-Smirnov (K-S) tests, in which the test statistic critical value was calculated using the number of independent sampling sessions as the sample size. This approach helps mitigate spatial biases and decreases the likelihood of type I statistical errors that could result from the clustered nature of fisheries data collection (Bethoney and Stokesbury, 2019; Bethoney et al., 2014; Nelson, 2014; Neumann and Allen, 2007).

Size data were then separated by gear type, and the size frequency distributions of discarded versus retained black sea bass were compared for each gear type separately. Empirical cumulative distribution functions were fitted to the data for each gear type and two-sample, two-sided K-S tests utilizing the same method to calculate the test statistic critical value as described above were used to evaluate statistical differences in the distributions.

Research Fleet sampling began in late November 2016, so data collected in 2016 were excluded from analyses that included year as a factor. To visually explore overall trends in the relative frequency of black sea bass size classes sampled over time, length data were grouped into 5 cm size bins, and the percentage of fish sampled within each bin was plotted by year. In addition, size data were plotted into histograms by year. Due to the opportunistic nature of Research Fleet participation and sampling, only three gear types (lobster-crab traps, fish pots, and trawl) had data collected each year from 2017 through 2023; therefore, only these gear types were considered further to evaluate trends in size composition over time. Generalized additive models (GAMs) were used to assess yearly variation in the size of fish caught, landed, and discarded for each of these gear types [Total Length (Y) ~ Year (X)]. The ‘mgcv’ package (Wood, 2011) was used with the basis dimension set at k = 7 and the gamma parameter set at 1.4 to appropriately reflect the estimated degrees of freedom and prevent overfitting of the data (Wood, 2017). In addition, a Tweedie error distribution was used due to the skewed and non-negative nature of the data. Model diagnostic plots were generated using the ‘gratia’ package (Simpson, 2022) and are provided for all models in the Supplementary Materials. Model outputs of deviance explained were used to assess the goodness of fit given the non-normal distribution of the data (Wood, 2017).





Results

From November 2016 through December 2023, the Research Fleet sampled 48,766 individual black sea bass from 2,433 sampling sessions using five commercial gear types throughout the southern New England and Mid-Atlantic regions (Figure 1). As the majority of participant vessels were homeported in Rhode Island, there was much more concentrated sampling in and around Rhode Island and the broader southern New England region compared to the Mid-Atlantic. Within this timeframe, 1,228 sampling sessions were completed using lobster-crab traps, 742 sessions using fish pots, 300 sessions using trawl gear, 135 sessions using gillnets, and 28 sessions using commercial rod and reel. As described, individual sampling frequency varied widely based on seasonality of the different fisheries and due to the opportunistic nature of sampling; for sampling rates and associated discussion for the first four years of the Research Fleet, please see Heimann et al. (2023).

[image: Map depicting locations in the northeastern United States, highlighting the ocean surrounding New Jersey, New York, Connecticut, and Rhode Island. Red dots indicate fishing locations. An inset zooms in on a dense cluster of red dots in the waters around Rhode Island. NOAA fishing statistical areas and coordinates are labeled, with a scale bar in kilometers provided at the bottom.]
Figure 1 | Map showing the spatial coverage of Black Sea Bass Research Fleet sampling activity in the southern New England and Mid-Atlantic regions across NOAA fishing statistical areas (n=2,433 sampling sessions). Red circles indicate the location of a sampling session. Inset shows a magnified view of sessions conducted in Rhode Island and surrounding waters.

Individual fish sizes ranged from 2 cm to 68 cm, with an overall average total length (± 1 standard deviation (SD)) of 30.2 ± 10.4 cm (Figure 2). The median length of black sea bass significantly varied among all gear types (Table 1), with gillnets generally catching the largest fish (50 cm median TL) and lobster-crab traps catching the smallest (27 cm median TL) (Figure 3). The overall length frequency distributions of fish also significantly differed among all gear type pairwise comparisons, except for fish sampled by fish pots and rod and reel, which did not significantly differ (Table 2).

[image: Histogram showing the number of fish by total length in centimeters. Grey bars represent discarded fish and red bars represent retained fish. Discarded fish are primarily shorter, while retained fish are typically longer, with the most common length for both around 30-40 cm. The y-axis ranges from 0 to 2000 fish.]
Figure 2 | Overall size composition for discarded (n=30,388) versus retained (n=8,378) black sea bass.


Table 1 | Results of Dunn’s multiple comparisons test with Bonferroni correction comparing the median size of fish sampled by each gear type.
	Gear type pairwise comparisons
	Test statistic (Z)
	p-value



	Commercial Rod & Reel - Gillnet
	-32.20
	p < 0.001


	Commercial Rod & Reel - Pots
	8.95
	p < 0.001


	Gillnet - Pots
	60.53
	p < 0.001


	Commercial Rod & Reel - Traps
	19.51
	p < 0.001


	Gillnet - Traps
	72.33
	p < 0.001


	Pots - Traps
	30.23
	p < 0.001


	Commercial Rod & Reel - Trawl
	19.96
	p < 0.001


	Gillnet - Trawl
	71.10
	p < 0.001


	Pots - Trawl
	28.11
	p < 0.001


	Traps - Trawl
	2.01
	p < 0.001







[image: Box plot comparing total fish lengths, in centimeters, by gear type: commercial rod and reel, gillnet, fish pot, lobster – crab trap, and trawl. Each plot shows data spread, median, and outliers, with varied distributions for each gear type.]
Figure 3 | Boxplots of black sea bass sampled from each gear type.


Table 2 | Results from Kolmogorov-Smirnov tests comparing size composition of black sea bass amongst gear type.
	Gear 1
	Gear 2
	Test Statistic (D)



	Trawl
	Gillnet
	D300,135 = 0.85*


	Trawl
	Fish Pots
	D300,742 = 0.28*


	Trawl
	Lobster-Crab Traps
	D300,1228 = 0.18*


	Trawl
	Commercial Rod & Reel
	D300,28 = 0.36*


	Gillnet
	Fish Pots
	D135,742 = 0.87*


	Gillnet
	Lobster-Crab Traps
	D135,1228 = 0.85*


	Gillnet
	Commercial Rod & Reel
	D135,28 = 0.84*


	Fish Pots
	Lobster-Crab Traps
	D742,1228 = 0.23*


	Fish Pots
	Commercial Rod & Reel
	D742,28 = 0.16


	Lobster-Crab Traps
	Commercial Rod & Reel
	D1228,28 = 0.33*





*Indicates significance.



Overall, 38% (n = 18,378) and 62% (n = 30,388) of sampled fish were retained for harvest versus discarded, respectively. Retained fish had an overall mean TL of 38.0 ± 6.2 cm, while discarded fish were 25.4 ± 9.5 cm on average; as expected, the overall size compositions of retained versus discarded fish significantly differed (Table 3; Figure 4). There were gear-specific trends in the proportions and size compositions of retained and discarded fish (Figure 4, Table 4). For example, all (n = 1,081) discarded fish sampled by gillnet were larger than the federal commercial minimum legal size (11 inches, ~ 28 cm; NOAA 2024). Of the discarded fish sampled by commercial rod and reel and fish pots, 56% (n = 307) and 43% (n = 5,343) were over the federal minimum legal size, respectively. Trends of fish discarded by lobster-crab traps and trawl were similar, where 25% (n = 2,480) and 27% (n = 1,713) were over the federal minimum legal size, respectively. Within each gear type, the length frequency distributions of retained and discarded fish significantly differed, except for gillnets, for which retained and discarded fish had the same distributions (Table 3; Figure 5).


Table 3 | Results from Kolmogorov-Smirnov tests comparing size composition of black sea bass disposition (discarded vs. retained) amongst gear types.
	Gear Type
	Test Statistic (D)



	All
	D2105,1259 = 0.68*


	Trawl
	D223,180 = 0.72*


	Gillnet
	D79,71 = 0.04


	Fish Pots
	D678,462 = 0.65*


	Lobster-Crab Traps
	D1098,523 = 0.79*


	Commercial Rod & Reel
	D27,23 = 0.65*





*Indicates significance.



[image: Five line graphs show cumulative percentages of fish discarded and retained by gear type: commercial rod and reed, gillnet, fish pot, lobster-crab traps, and trawl. Each graph plots total fish length in centimeters against cumulative percentage. Discarded fish are represented by black lines, and retained fish by red lines. Red, vertical dashed lines indicate federal minimum commercial length for retention.]
Figure 4 | Empirical cumulative distribution function (ECDF) plot displaying the cumulative percentage of black sea bass discarded and retained at different total lengths for each gear type. The vertical red line indicates the federal minimum commercial size limit (27.94 cm).


Table 4 | Summary of the sample size (N) and average total length (TL) of sampled fish retained for harvest, discarded, and overall for each gear type.
	Gear type
	Action
	N
	Median total length (cm)
	Average total length (± standard deviation) (cm)



	Lobster-Crab Traps
	Retained
	4,299
	37
	37.8 (± 6.1)


	Discarded
	10,050
	23
	23.9 (± 8.2)


	All
	14,349
	27
	28.1 (± 9.9)


	Gillnet
	Retained
	757
	50
	49.6 (± 3.8)


	Discarded
	1,081
	50
	49.2 (± 4.6)


	All
	1,838
	50
	49.3 (± 4.3)


	Commercial Rod and Reel
	Retained
	636
	38
	38.3 (± 5.2)


	Discarded
	544
	28
	28.1 (± 5.4)


	All
	1,180
	34
	33.6 (± 7.3)


	Trawl
	Retained
	2,818
	40
	39.4 (± 5.9)


	Discarded
	6,233
	19
	21.1 (± 10.7)


	All
	9,051
	28
	26.8 (± 12.7)


	Fish Pots
	Retained
	9,868
	36
	36.8 (± 5.6)


	Discarded
	12,480
	27
	26.6 (± 6.7)


	All
	22,348
	31
	31.1 (± 8.1)







[image: Histograms display the number of fish by total length in centimeters from 2017 to 2023. Each year shows a distribution with peaks varying in height and width, illustrating changes in fish sizes over time.]
Figure 5 | Size histograms of black sea bass sampled each year by the Research Fleet for all gear types combined.

The overall and relative size frequency of sampled black sea bass varied from year to year (Figure 5). Despite a relatively short time series, multiple year classes were presumably apparent, with yearly histograms generally displaying bi- or tri-modal distributions. (Figure 5). Visual examination illustrated the ability to begin to track cohorts over time, though more data over a longer time period is warranted to draw conclusions (Figure 5).

Further exploration of temporal trends showed that variations in black sea bass sizes over time depended on gear type and disposition. For example, the GAMs indicated the length of black sea bass caught, discarded, and retained from lobster-crab traps significantly differed by year (p < 0.001); however, the models only explained 5.31%, 5.42%, and 2.25%, of the deviance in total length respectively, and 95% confidence intervals were marginal (Figure 6; Appendix 2). There appeared to be a slight increase in the size of fish caught overall and discarded by lobster-crab traps around 2018, however, sizes then decreased again and the size of fish for all dispositions in 2023 was similar to those in 2017.

[image: Three graphs show the result of a generalized additive model, depicting the total length of black sea bass sampled from lobster-crab traps from 2017 to 2023. Graph A shows the total length of all sampled fish from 2017 to 2023, with a fluctuating trend around 30 centimeters. Graph B shows the total length of discarded fish from 2017 to 2023, with a fluctuating trend below 30 centimeters. Graph C illustrates retained traps, with lengths mostly stable above 35 centimeters. Each graph includes a red horizontal dashed line at 27.94 centimeters.]
Figure 6 | Generalized additive model results showing the yearly trends of black sea bass size composition of (A) all sampled fish (n=14,349), (B) discarded fish (n=10,050), and (C) retained fish (n=4,299) from lobster-crab traps. Individual points represent individual fish lengths, while the line represents the model fit with a 95% confidence interval. The horizontal red line indicates the federal minimum commercial size limit (27.94 cm).

Similarly, the length of black sea bass caught, discarded, and retained from trawl gear significantly differed over time year (p < 0.001), yet the GAMs only explained 11.6%, 8.69%, and 24.5% of the deviance in the size of fish of each disposition, respectively (Figure 7; Appendix 2). There appeared to be a decrease in the size of fish of all dispositions from 2017 until 2019; sizes then increased before returning to a similar size in 2023 as seen in 2017.

[image: Three graphs show the result of a generalized additive model, depicting the total length of black sea bass sampled from fish pots from 2017 to 2023. Graph A shows the total length of all sampled fish from 2017 to 2023, with a fluctuating trend around 30 centimeters. Graph B shows the total length of discarded fish from 2017 to 2023, with a fluctuating trend above 35 centimeters. Graph C illustrates retained traps, with lengths mostly stable above 35 centimeters. Each graph includes a red horizontal dashed line at 27.94 centimeters.]
Figure 7 | Generalized additive model results showing the yearly trends of black sea bass size composition of (A) all sampled fish (n=22,348), (B) discarded fish (n=12,480), and (C) retained fish (n=9,868) from fish pots. Individual points represent individual fish lengths, while the line represents the model fit with a 95% confidence interval. The horizontal red line indicates the federal minimum commercial size limit (27.94 cm).

Finally, the size of black sea bass caught, discarded, and retained from fish pots significantly differed by year (p < 0.001); the GAMS explained 6.26%, 24%, and 1.54% of the deviance in size of fish caught, discarded, and retained, and once again 95% confidence intervals were small (Figure 8; Appendix 2). Similar to lobster-crab traps, there initially appeared to be slight increases in the size of fish caught and discarded by fish pots, however, by 2023 sizes once again decreased to similar values to those observed in 2017.

[image: Three graphs show the result of a generalized additive model, depicting the total length of black sea bass sampled from trawl gear from 2017 to 2023. Graph A shows the total length of all sampled fish from 2017 to 2023, with an oscillating trend around 25 centimeters. Graph B shows the total length of discarded fish from 2017 to 2023, with a fluctuating trend below 30 centimeters. Graph C illustrates retained traps, with lengths fluctuating above 30 centimeters. Each graph includes a red horizontal dashed line at 27.94 centimeters.]
Figure 8 | Generalized additive model results showing the yearly trends of black sea bass size composition of (A) all sampled fish (n=9,051), (B) discarded fish (n=6,233), and (C) retained fish (n=2,818) from trawl gear. Individual points represent individual fish lengths, while the line represents the model fit with a 95% confidence interval. The horizontal red line indicates the federal minimum commercial size limit (27.94 cm).





Discussion

This study used fishery-dependent data collected from five commercial fisheries over seven years to characterize the size composition of black sea bass catch across gear types, disposition, and time. Through this investigation, we found that the size composition of black sea bass significantly differed depending on the commercial gear type and between discarded and landed individuals for most gear types. Regardless of the gear type, many of the fish discarded by participants were of legal, marketable size. In addition, the size composition of caught, landed, and discarded black sea bass significantly differed over time within each gear type; however, the effect sizes were minimal and there were no consistent trends in either direction over time. Overall, the results of this study are consistent with our understanding of differences in gear selectivity and align with the stock assessment’s findings that the northern black sea bass population is stable and not experiencing overfishing. Further, the results support the observations of frequent regulatory discarding of black sea bass across fisheries.

In this study, the median size as well as overall length frequency distribution of black sea bass significantly differed among gear types, demonstrating a sizeable difference between the largest and smallest fish sampled. In addition, as expected, the length frequency distributions of black sea bass significantly differed depending on disposition within nearly all gear types, except for fish sampled by gillnets. These results were expected considering black sea bass interact with many different fisheries targeting a variety of species, and for which black sea bass are not always the primary intended catch. For example, despite often being landed and sold in the fishery, lobster-crab traps are not designed to target black sea bass. This gear type features the smallest mesh size of the gear types studied and, thus, unsurprisingly, caught the smallest fish and retained smaller-sized fish overall, likely caught as bycatch (Nulk, 1978). Alternatively, gillnets have the largest mesh size of the gear types studied (5.9 inches +/- 1.6 standard deviation) and are typically designed to catch larger species (He, 2006). As a result, they generally caught a larger proportion of large-sized fish compared to other gear types and, as a result, discarded larger fish overall. On the other hand, trawls generally retained the second-largest fish with a median TL of 40 cm, while discarding the smallest fish with a median TL of 19 cm. The large range of sizes of fish caught by trawl gear reflects the fact that trawl gear is designed to target a mix of species of varying sizes, which often occupy the same habitat type (Roda et al., 2019). The length distributions of fish sampled by fish pots and commercial rod and reel did not significantly differ. Unlike trawl, gillnet, and lobster-crab traps, commercial rod and reel and fish pot length distributions were distinctly bi-modal, with peaks occurring at similar length frequencies. This is likely because these gear types are often used to target similar bottom-dwelling fish species such as black sea bass or scup (Stenotomus chrysops).

Over time, the northern black sea bass stock assessment has evaluated and, if necessary, altered its methodology to best estimate population and fishery trends, selecting for a single-fleet or multi-fleet approach based on available data and limitations (Northeast Fisheries Science Center [NEFSC], 2017, 2023). Given the differences in gear design and size of black sea bass caught, discarded, and landed among gear types, our study’s results support the stock assessment’s current approach of accounting for gear type within assessment models. While it is beyond the scope of this study due to the opportunistic nature of data collection, future investigations that systematically utilize a variety of configurations and mesh sizes for different fishing gears to create gear-specific selectivity curves may shed more light on how the selective properties of different gears influence catch-at-age models and could be used to inform management practices that minimize discards. These results also highlight the importance of increasing the sample size of under-sampled non-trawl gear types to provide future opportunities for developing more detailed population models as well as the importance of including discard data from a wide range of gear types within stock assessments. Discard composition data is critical to understanding fisheries stocks, as it is used to inform and develop sustainable regulatory practices. As previously mentioned, the most recent black sea bass stock assessment utilized some of the same Research Fleet discard data included in this study to improve gear-specific discards-at-length estimates, which demonstrates that the inclusion of gear-specific discard data can aid in developing more accurate and reliable assessments (Northeast Fisheries Science Center [NEFSC], 2023; Suuronen and Gilman, 2020).

Nearly a third of fish discarded were larger than the federal commercial minimum legal size. While the Research Fleet’s data collection methods do not allow us to ascertain why participants discarded legal-size and marketable catch, feedback from participants emphasized a discrepancy between state-allocated quota and the abundance of black sea bass available to be caught. At the beginning of the Research Fleet in 2016, states’ allocations of commercial black sea bass quotas were still reflective of historical landing calculations through 2001. As described previously, updated state allocations were adopted in 2022 to account for changes in black sea bass biomass distribution, which resulted in increased quota percentages for Rhode Island and New Jersey, where Research Fleet vessels land black sea bass (Atlantic States Marine Fisheries Commission [ASMFC], 2021; Heimann et al., 2023). Such circumstances could lead to practices such as regulatory discarding or purposefully discarding legal size, but less valuable fish, to allow for the opportunity to potentially land larger and more valuable individuals without exceeding the allotted quota. Further, it is possible that the market for black sea bass has not kept up with increasing quotas, therefore potentially contributing to the need to discard legal sized fish. Continued sampling by the Research Fleet could be leveraged to evaluate the impact of quota regulation changes on black sea bass size composition over time, especially for discarded fish. These trends could assist in determining if revised state quota allocations have been beneficial in reducing the number of legal-sized discards, which lends to the value of the Research Fleet’s long and continued time series. In addition, future social science research could aim to understand the factors underlying fishermen’s decisions when discarding legal sized catch. Results from such studies could help further inform management decisions, such as updated quota allocations, minimum size thresholds, or gear specifications, to reduce legal-sized discards and improve fishery efficiency. In the current study, while we did observe interannual variation in the size of black sea bass caught, discarded, and landed, there were no apparent positive or negative linear trends. Within the study’s timeframe, there was some evidence of multiple year-classes moving through time, and interannual variation in fish size is expected, as changes in population structure and year-class strength vary over time due to fluctuating environmental conditions and fishing pressures (Thayer et al., 2021; Tu et al., 2018). In addition, the lack of distinct temporal trends could result from insufficient temporal resolution or statistical power to detect such trends, or could simply reflect a relatively stable stock and fishery. Furthermore, potential data noise and poor fit to the predicted trend lines (<10% deviance explained in many cases) may suggest other unmodeled covariates, such as fishery or environmental factors, spatial information, or recruitment and year class strength, should be considered as potential predictors of changes in black sea bass size composition to improve the explanatory power of the models. Further investigation would be beneficial to determine the drivers behind interannual variation in black sea bass size composition. Overall, a longer time series is needed to properly track size cohorts as well as uncover potential population trends, including further investigation to reveal more distinct and gear-specific trends in black sea bass size composition over time.

Long time series composed of consistent and adequate sampling are critical to identifying changes in a stock as well as making well-founded management decisions (Schijns and Pauly, 2021). Many fisheries stock assessments are highly dependent on long-running surveys that provide a continuous time series to characterize stock status, such as the NEFSC and NEAMAP trawl surveys, which are used in the northern black sea bass stock assessment and provide over 60 years of data used to develop population models (Atlantic States Marine Fisheries Commission [ASMFC], 2024; Northeast Fisheries Science Center [NEFSC], 2023). As described, black sea bass has undergone a rapid range expansion northward, becoming more abundant in regions such as southern New England and the Gulf of Maine, leading to significant data gaps, short time series for biological, catch, and discard data in this region, and the larger challenge of making management decisions that match the rate of the biomass distribution shift (McMahan et al., 2020). While the timeframe reflected in this study was likely too short to capture changes in black sea bass size composition, the results nonetheless highlight the importance of continuing to track changes in black sea bass size to fill data gaps and create longer time series to ensure the continued sustainable management of the stock.

The Black Sea Bass Research Fleet provides a cost-effective approach for rapidly collecting large amounts of vetted data through the regular commercial fishing activities of fishermen (Heimann et al., 2023; Verkamp et al., 2023). The results of the study highlight the value of this approach to address data gaps for use in stock assessments while also engaging members of the fishing community. In this study, we leveraged the Research Fleet’s sampling efforts to discern significant differences in black sea bass size composition amongst different gear types and dispositions over time. Our results highlight the selective nature of fishing gear as well as the benefit of including information on fishing discards and long time series in stock assessment analyses, which may help contribute to more effective downstream management of a stock through more specific population models.

It is important to acknowledge that the data collected by Research Fleet participants is non-random and opportunistic. Fishery-dependent data sources, such as the Research Fleet, result in inherent spatial and temporal sampling biases, as fishermen target areas where they believe they will catch a certain species within a designated timeframe (Howard et al., 2023). In addition, due to the location of the project (Rhode Island) there is considerable sampling coverage in and around Rhode Island state waters and southern New England, while data is comparatively more limited within the Mid-Atlantic region (Figure 1). While this unevenness is certainly a limitation of the current study, the Research Fleet data were previously found to be comparable to NOAA Observer data, and we therefore conclude that despite the spatial biases, the data are representative of the black sea bass fleet at large (Verkamp et al., 2023). In the future, expanding the Research Fleet to more evenly sample different regions will ensure the data are even more representative of the fleet and will allow for the investigation of potential spatial trends in the size composition of black sea bass in different fisheries. Another limitation of the current study is that the Research Fleet dataset represents a relatively short time series compared to many state and federal data sources, which likely influenced our ability to detect changes in size composition over time. The Research Fleet is currently on track to continue sampling until at least 2030, and we anticipate this longer time series will allow a much more thorough and statistically powerful evaluation of gear-specific temporal trends in black sea bass size compositions.

Despite these limitations, the benefits of fishery-dependent data sources, such as the Research Fleet, include cost-effective, increased year-round sampling coverage and the ability to simultaneously collect data from multiple gear types that interact with the species. Considering stock assessment data sources are limited by available funding and time, the Research Fleet is a valuable resource that can be leveraged to bolster current black sea bass datasets with continued sampling over time (Howard et al., 2023; Pennino et al., 2016). The Research Fleet has improved and will continue to improve stock assessment models by contributing discards-at-length data (Verkamp et al., 2023). Given the differences found in black sea bass size composition among gear types, a future study may aim to develop gear-specific size-selectivity curves to further investigate the mechanisms behind these trends, or by exploring methods to enable catch and effort data collection to develop gear-specific commercial catch-per-unit-effort indices. In addition, ongoing and future efforts by the Commercial Fisheries Research Foundation to increase the usefulness of the Research Fleet to assessment and management include expanding the number of participants for increased spatial coverage, particularly within the Gulf of Maine and Mid-Atlantic regions, and validating and collecting additional data parameters, such as the market category designations of landed fish (Northeast Fisheries Science Center [NEFSC], 2023).
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Appendices


Appendix 1 | Gear-specific effort parameters recorded as part of the Black Sea Bass Research Fleet at-sea data collection.
	
	Gear type


	
	Trawl
	Gillnet
	Commercial rod & reel
	Lobster-crab traps
	Fish pots



	Effort Parameters Recorded
	Mesh Size (inches)
	Number of Net Panels Per String
	Time Spent Fishing (hours)
	Soak Time (days)
	Soak Time (hours)


	Tow Time (hours.decimal)
	Length of Net Panels (feet)
	Number of Rods Fished
	Number of Traps
	Number of Traps


	Sweep Length
(feet)
	Mesh Size (inches)
	Number of Hooks Used
	Escape Vent Size (inches)
	Escape Vent Size (inches)


	 
	Soak Time (days)
	 
	Escape Vent Shape
	Entrance Size (inches)


	 
	Net Height (feet)
	 
	 
	 


	 
	Tie Downs (inches)
	 
	 
	 








Appendix 2 | Results from generalized additive models evaluating the differences in black sea bass size over time for all fish combined, discarded fish, and retained fish sampled by each gear type.
	Gear type
	Action
	Generalized additive model p-value
	Deviance explained (%)



	Lobster-Crab Traps
	Overall
	p < 0.001
	5.31%


	Discarded
	p < 0.001
	5.42%


	Retained
	p < 0.001
	2.25%


	Trawl
	Overall
	p < 0.001
	11.6%


	Discarded
	p < 0.001
	8.69%


	Retained
	p < 0.001
	24.5%


	Fish Pots
	Overall
	p < 0.001
	6.26%


	Discarded
	p < 0.001
	24%


	Retained
	p < 0.001
	1.54%










OEBPS/Images/fmars-12-1591225-g002.jpg
K-}
)
p-
E
=)
z

2000

1500

1000

500

20 40 60
Total Length (cm)

Disposition

W oiscarded
[ Retained





OEBPS/Images/fmars-12-1591225-g007.jpg
| ]
| N | N
I | I
| | |
| | |
| I |
| | |
I N I N |
© o ccoccssccsscsescscssesadejsssesccsasaseesce o o o ssecosseejsssessccassscssce o o o o o ccocccscssscscedecssesane|e
« | « |
| |
| |
I |
| |
| |
-~ | -~ |
©000000000000000000000000000/}000T00000000000000 © o0 g © cccescscesefeccscasqrsscacssensssesese o oo g CXTTTTTTTTTLITRTTLTY LETT T
N N
| |
| |
| |
| |
2) o I |
5 3 : 3 _
o Q& = , | 2 & £ , |
©000000000000000000[/000000q00000000000000 o0 o o o0 S o (o] oo reocossesqescscsssscscce oo o o oo S o © CLITTTITTTITIIIIE TITIIILIN
H e | N > (&) | N > “— |
] €D Q
[ a “ [0'd “
| |
| |
| |
o | o |
. m oq.o-ooo..u-o-oco . m a
I o I o I
| | |
| | |
| | |
| | |
| | |
I o I o I
| | |
| | |
| | |
| | |
| - I - |
DR ...+............. T — ........+............. T sansessavessenss ........+
N N
1 I 1

2019 2020 2021 2022 2023
Year

2018

2017

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o n Q n o=} wn (=} n (=] w0 o n o wn o o n Q n o=} wn (=} n (=] w0 o n o wn o o n Q n o=} wn (=} n (=] w0
~ © © Te) n < < el [3p) N N - -~ ~ © © Te) n < < el [3p) N N - -~ ~ © © Te) n < < el [3p) N

< (wo) yibue [eyoL m (wo) yibue [eyoL I8 (wo) yibue [eyoL





OEBPS/Images/cover.jpg
& frontiers | Frontiers in Marine Science

Characterizing the composition of
commercial black sea bass (Centropristis
striata) catch and discards in the Mid-
Atlantic and southern New England regions





OEBPS/Images/fmars-12-1591225-g004.jpg
Disposition: == Discarded == Retained

Rod and Reel Gillnet
100 100
90 90
80 80
70 70
60 60
50 50
40 40
30 30
20 20
10 10 .
0 0 T
% 0 20 40 60 0 20 40 60
L": Fish Pot Lobster-Crab Traps
o 100 100
o 9 90
% 80 80
£ 70 70
o 60 60
% 50 50
40 40
% 30 30
> 20 20
® 10 10
S 0 0
£ 0 20 40 60
>
®) Trawl
100
90
80
70
60
50
40
30
20
10
0
0 20 40 60

Total Length (cm)





OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars-12-1591225-g008.jpg
Trawl

<

© oo sccceccccceeserecsesoRe

sesofesesssssessesee .

eesscssssseaseqesee

|
|
|
|
|
|
1
|
|

O

o
=

T
n
©

T
Q
©

T T T T T T T T T
wn (=} n (=] w0 o n o wn
< < el [3p) N N el -~

(wo) yibue [eyoL

T T
n o=}
wn n

o

2019 2020 2021 2022 2023
Year

2018

2017

Discarded

m

I \
* oo o-:o::-.-oo:o-:., TTYTTYTYTYIYY
I
I
I
I
I
I
I
. oocnoaou.uouc.a.u*co.c.u..‘ 900000000000000
I
I
|
I
I
I
| ,
I
|
I
I
|
|
|
I
I
I
I
I
|
|
|
I
Y 4
0000000000000000000000000000000000000000000000000
T T T T T T T T : T T T T
o v o Yol o v o Yol o w o w o w o
~ © © Y] wn < < (3] (3] N N &l ~

(wo) yibue [eyoL

2019 2020 2021 2022 2023
Year

2018

2017

Retained

(&)

ese sose eoe soned
coscssssesadesscsssancie
eccoossse. ®o 00 co0 o 00 o

- e T Tl R e e S e S e

e o o secescccsstiesccsccesce
. . cosdbesece
.
o oo seccessocsscsedsosscoscecese
T T T T T T T T L
o n Q n o=} wn (=} n (=] w0 n o
~ © © wn n < < 3ol [3p) N - -~

(wo) yibue [eyoL

2019 2020 2021 2022 2023
Year

2018

2017





OEBPS/Images/fmars-12-1591225-g006.jpg
I I
« | « I
I I
| |
| |
I I
I |
N | N |
o coccoscssscsssesssscscsseffsasesccsssassccsssose o Y ese o oo cscsesfsescofcscsesscsessose o Y o coccoscssscessesdescssscsndes

| o | , o |
I I
I |
I |
I I
I I
, - I - |
06 00000000800000000000000084000000000000000000000 o g eco sscccsccccscscsccsenjocbescessssesssescsce o g ee eoccccsssesssseshoscesceny
= I = I
0 I |
2. | I
= I I
o I I
Q @ | 3 |
© g5 B _ g8 £ | _
O es00s0e00000000000000000000sg)00s0e0000s0s0sscstetes o S o © ee0cscccese sessscsssensenqescsfessecsasceesssccce o S o © esocsscossessscssasheossssssy
5 T B _ T [
» = | i
Q I I
9 I/ I
1/ I
S ) 2 _
. — csssecesesssssceseres o | S csssesesessssscesenes o | S &% wue 1
~N ~N _
I
I
I
I
I
0 0 _
. sesessesssssse sooe oo m sessesesscse sooe oo m . -uﬂ
N N _
I
I
I
) I
I - - I

N N
I 1 I

2019 2020 2021 2022 2023
Year

2018

2017

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
o n Q n o=} wn (=} n (=] w0 o n o wn o o n Q n o=} wn (=} n (=] w0 o n o wn o o n Q n o=} wn (=} n (=] w0
~ © © Te) n < < el [3p) N N - -~ ~ © © Te) n < < el [3p) N N - -~ ~ © © Te) n < < el [3p) N

< (wo) yibue [eyoL m (wo) yibue [eyoL I8 (wo) yibue [eyoL

154
104





OEBPS/Images/fmars-12-1591225-g001.jpg
74°0'0'W 72°0'0'W 70°0'0'W 68°0'0'W

42°0'0"N: 42°0'0"N

40°0'0"N:

40°0'0"N

38°0'0"N - 38°0'0'N

T
74°0'0'W 72°0'0'W 70°0'0'W 68°0'0'W
0 60 120 240 Kilometers





OEBPS/Images/fmars-12-1591225-g003.jpg
Total Length (cm)

60

S
o

20

Rod and Reel

Gillnet

Fish Pot
Gear Type

Lobster Trap

Trawl





OEBPS/Images/fmars-12-1591225-g005.jpg
Number of Fish

600
400
200

600
400
200

600
400
200

600
400
200

600
400
200

600
400
200

600
400
200

2017

2018

2019

2020

2021

2022

2023

0 20 40 60
Total Length (cm)





