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Management strategy evaluation (MSE) has become a more common tool for engaging stakeholders in fisheries management, and stakeholder participation in MSE is increasingly recognized as a vital component of the process. The participation of stakeholders, specifically fishers, in MSE is of particular importance because they often possess intimate knowledge of the socio-ecological management system that MSE seeks to model. When the resources to conduct a “full” MSE with direct fisher involvement are unavailable, MSEs are sometimes conducted by desk-based analysts with no fisher engagement. We propose an intermediate framework in which information collected from semi-structured interviews is used to inform a “desk-based” MSE. We demonstrate that semi-structured interviews with commercial and recreational fishers can elicit some of the same kinds of information that fishers provide during direct participation in MSE. We conducted 30 semi-structured interviews with commercial and recreational fishers from the Southeast United States participating in either Atlantic cobia (Rachycentron canadum) or black sea bass (Centropristis striata) fisheries. We collected primarily qualitative and some quantitative information about preferred conceptual objectives and management measures, and how their fishing behavior has changed in response to past management action. Commercial fishers generally preferred conceptual objectives and management measures that align with traditional MSY-based fisheries management, while recreational fishers’ responses were substantially more heterogeneous, indicating a more diverse range of desired objectives and preferred management measures. We synthesized this information to develop a suite of management procedures that employ a range of fishing mortality-based constant-catch harvest control rules and size-based management measures for simulation testing against preferred objectives by sector. We demonstrate that integrating information from semi-structured interviews with MSE in this way offers a cost-effective alternative intermediate approach to fisher participation in MSE when direct participation is not possible.
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Introduction

Management strategy evaluation (MSE) is an increasingly common tool for engaging stakeholders in fisheries management (Deith et al., 2021). MSE is a closed-loop simulation framework that seeks to model entire management scenarios. MSE typically includes an operating model (OM) to simulate population and fishery dynamics, an estimation model to determine stock status, i.e., an assessment or some simplification of the process, and an implementation model in which a management procedure is applied. Then the effects are projected forward in time (Punt et al., 2016; Ono et al., 2017). The primary goal of MSE is to identify management procedures that will achieve objectives in the long-term and are robust to uncertainty (Butterworth and Punt, 1999; Butterworth, 2007).

One of the key advantages of MSE is the ability to directly involve stakeholders in the development of management scenarios (Bunnefeld et al., 2011). Stakeholder participation in MSE is widely recognized as a vital component of the process (Bunnefeld et al., 2011; Feeney et al., 2019; Goethel et al., 2019; Deith et al., 2021). The degree of stakeholder participation is dependent on the timetable for completing the MSE and the format. MSEs can be conducted over multiple years as an iterative process in which stakeholders participate as part of a dedicated MSE group. Over several years, the group identifies conceptual objectives and uncertainties in the management system, works with scientists to operationalize those objectives, selects candidate management procedures for simulating testing, and engages in participatory modeling exercises to identify risks and tradeoffs by evaluating management procedures against objectives and over a range of uncertainties (Punt et al., 2016; Feeney et al., 2019; Goethel et al., 2019). We refer to these as “full MSEs” with “full” stakeholder participation. Examples include the OysterFutures workgroup who met nine times over two years for a Maryland eastern oyster (Crassostrea virginica) MSE (Goethel et al., 2019; Goelz et al., 2020), and the Management Strategy Advisory Board of the International Pacific Halibut commission who met twice a year during 2013-2020 to participate in MSE for pacific halibut (Hippoglossus stenolepis) (Branch, 2020). Full MSEs can also be conducted under truncated timetables in which stakeholder involvement in the MSE can be facilitated through a series of workshops designed to expedite the process, e.g., the Atlantic herring (Clupea harengus) MSE, which was conducted in just one year (Deroba et al., 2019). Stakeholder participation is a central aspect of what makes MSE effective (Dickey-Collas, 2014; Goethel et al., 2019). The participation of fishers is of particular importance because they often possess intimate knowledge related to uncertainties in the socio-ecological management system that MSE attempts to model, e.g., fishery operations, social and political dynamics, biology, ecology, and fine-scale spatial and seasonal processes (Neis et al., 1999; Crona, 2006; Wilson, 2006; Murray et al., 2006; Paterson, 2010).

However, MSE is a time and resource-intensive process, therefore many MSE tools or simulation frameworks for assessing tradeoffs are developed by analysts without fishers’ involvement. These are colloquially referred to as “desk-based” MSEs. Semi-structured interviews are a common tool for eliciting qualitative and quantitative fishers’ knowledge (Hind, 2015), and information obtained from semi-structured interviews has been used to inform, complement, improve, or directly integrate fishers’ knowledge with stock assessment (Neis, 1992; Carruthers and Neis, 2011; Tesfamichael et al., 2014; Duplisea, 2017). This study began with the idea that there could be a ‘middle ground‘ between full and desk-based MSEs in which semi-structured interviews are conducted during a desk-based MSE with stakeholders, specifically fishers, to address knowledge gaps related to conceptual management objectives, candidate management measures, fishing behavior, and other observations related to the management system when resource limitations preclude direct stakeholder participation.

In this paper, we present a case study in which we applied this intermediate MSE approach to two marine fisheries in the Southeast United States: the Southeast black sea bass (Centropristis striata) and Atlantic cobia (Rachycentron canadum) fisheries. Although commercial fishing remains the dominant source of global removals, regionally, recreational fishing can rival or exceed commercial removals (Coleman et al., 2004; Arlinghaus et al., 2019). In the Southeast United States (SE US), recreational fishing is the dominant source of fishing mortality (Shertzer et al., 2019). We chose these two fisheries for our case study to compare interview results and integration with MSE across fisheries with different degrees of recreational use. The overarching goal of the article is to describe how information obtained from semi-structured interviews conducted with commercial and recreational fishers was used to inform a MSE tool designed to evaluate tradeoffs between potentially competing commercial and recreational fishing objectives. We present results from interviews with commercial fishermen and recreational anglers in each fishery and discuss how information obtained from interviews was used to set up management scenarios for future testing of the MSE tool.



Methods


Case study background

Currently, both fisheries’ recreational component is made up of private recreational anglers and the for-hire recreational fleet, i.e., private charter vessels and headboats, and there exists at least one commercial fishery (SEDAR, 2018; SEDAR, 2020). The management procedure used to set total allowable catch (TAC) for both black sea bass and cobia fisheries is a constant catch harvest control rule (HCR) based on a fishing mortality (F) reference point and is regulated using management tools such as minimum size limits, vessel/trip limits, bag limits and seasonal closures (SEDAR, 2018; SEDAR, 2020). Southeast black sea bass fisheries are managed using an 11-inch size limit and vessel limits in the commercial sector, and a 13-inch size limit and combination of bag limits and vessel trip limits for the recreational sector, respectively (SEDAR, 2018). The TAC for black sea bass is allocated nearly equally (50-50) between commercial and recreational sectors, but in recent years, commercial fisheries have not attained their allocation, recreational fishing, primarily from private angling, has become the dominant source of mortality and the magnitude of dead discarded fish from the recreational sectors has greatly increased (Rudershausen et al., 2014; SEDAR, 2018). The Southeast Atlantic cobia commercial fishery, an incidental bycatch fishery, is managed using a 36-inch size limit and vessel limits, while the recreational fishery is also managed using a 36-inch size limit and bag limit (SEDAR, 2020). As of the 2019 stock assessment, the commercial fleet is allocated less than 10% of the TAC, and the recreational fleets over 90% (SEDAR, 2020). During the past 10 years however, the recreational fleets have landed more than 95% of the cobia TAC (SEDAR, 2020).



Research design

We conducted interviews with commercial and recreational fishers from the Southeast US to learn what they valued about the fishery they participated in, their desired fishery objectives, preference for future management actions, and how past management actions had affected their fishing behavior. Interviews were conducted using a semi-structured interview instrument (Appendix I), meaning that interviewees could introduce other topics, including suggesting alternative goals and management actions not included in the instrument (Patton, 1990; Murray et al., 2010; Carruthers and Neis, 2011). The goal of the interviews was to obtain information related to the values driving broad-scale conceptual fishery objectives (Andrews et al., 2021), learn fishers’ preferred management measures, and collect information on fisher behavior that could inform the development of the MSE tool. We designed the interview instrument to include questions salient to the history of management in each fishery and described in the case study background.

We conducted a total of 30 interviews between May and August of 2020 in two phases due to a difference in sampling methods. During the first phase, 14 interviews were conducted during May with five commercial fishers who fished for black sea bass in the commercial pot fishery, one commercial fisher who caught cobia in seasonal commercial bycatch fisheries, six recreational fishers for black sea bass, of whom five identified as private anglers and one as a private charter, two recreational fishers for cobia, of whom one identified as a private angler and the other a private charter and headboat captain (Table 1). We selected initial interview participants based on the number of years of participation in each fishery with preference for those who had fished for 10 or more years, and additional participants were identified using snowball sampling by asking interviewees to recommend other commercial fishermen or recreational anglers (Murray et al., 2006). The second phase occurred during June-August, in which an additional 16 interviews were conducted with 16 recreational fishers, all of whom identified as private anglers: ten who fished for black sea bass and six who fished for cobia (Table 1). Participants during the second phase were selected from the National Oceanic and Atmospheric Administration’s (NOAA) Marine Recreational Information Program (MRIP) database using a combination of stratified random sampling (by state within the Southeast US) and systematic random sampling of license holders who had renewed their license for 10 or more years.


Table 1 | Interview participation by sector (recreational or commercial) and species (black sea bass or cobia) by phase (1 or 2).





Interviews

Our study occurred during the height of the COVID-19 pandemic, therefore all participants were contacted and interviewed via telephone. Once contacted, fishers were read a script that described the purpose of the study and how information collected during interviews would be used (Appendix II). For those who declined to participate, we thanked them for their time and ended the call. For those who chose to participate, we assigned them a code referring to the species they fished for, i.e., “BSB” for black sea bass or “COB” for cobia, the sector they fished in, i.e., “CO” for commercial and “RE” for recreational (includes private and for-hire sectors), and their number in the order of interviews conducted. Detailed notes, including participant quotes, were made during each call. We attempted to call from university-owned computers using Cisco Jabber to call from a North Carolina State University (NCSU) number and record calls. However, calls were flagged as spam on cell phones, therefore all calls were made using personal phones and were not recorded. As such, we made transcriptions whenever possible during calls, and kept detailed notes. Interviews ranged from approximately 20 minutes to 1.5 hours. All participants were anonymously referred to in terms of their target species and sector in our results. All data collection and analyses involving human subjects were conducted in compliance with NCSU’s Human Subjects Independent Review Board.



Integration with MSE

We synthesized the information obtained from the semi-structured interviews to be integrated with an MSE tool. The MSE tool consists of an OM connected with an assessment model, and an implementation/projection model. The OM was conditioned to reflect the estimates of population and fishery dynamics from the most recent black sea bass and cobia stock assessments (SEDAR, 2018; SEDAR, 2020), and written in R statistical software (R Core Team, 2022). The assessment model is an integrated statistical catch-at-length model developed by Cao et al. (2017) for the Gulf of Maine Northern Shrimp (Pandalus borealis) population in AD Model Builder (Fournier et al., 2012); it is a forward-projecting assessment that applies a growth transition matrix to the fish (or shellfish) population dynamics to model the probability of fish transitioning from one length bin to the next (Chen et al., 2003). The implementation/projection model is an extension of the OM that simulates the population forward in time three years, then a stock assessment is conducted to model the real-world assessment process, then implementation/projection model applies reference points estimated from the assessment to the population to simulate the implementation of management procedures, and the process is repeated. This forms the complete MSE simulation loop that models the entire management scenario. We chose a size-structured framework because most marine stocks in the Southeast US are managed using regulations that are size-based and avoids the need for age-length conversion which introduces additional uncertainty into assessment model estimates (Quinn and Deriso, 1999; Cao et al., 2017).

We emphasize that the purpose of this study is not to present the MSE model in full or its results, but rather to demonstrate the ways that semi-structured interviews can be integrated with the framework itself. Integration with the framework described above was accomplished by synthesizing the interview results to determine the conceptual objectives of commercial and recreational fishers in black sea bass and cobia fisheries against which management procedures are evaluated and determine the management procedures for simulation testing. We used interview responses related to changes in fishing behavior to determine what kind of HCR was necessary to capture the functional response of the commercial and recreational fleets to changes in the population dynamics within the implementation/projection model. We determined management procedures for implementation and simulation testing by reconciling the HCR with preferred management measures, i.e., finer-scale tools such as sector allocation and minimum size limits. We also used responses to determine performance metrics: the measurements that are required to determine whether objectives were met by the management procedure (Plagányi et al., 2014; Grüss et al., 2016).




Results


Responses to interview questions

Results are organized in the following order: summaries of responses from general recreational fishers (if applicable), followed by summaries specific to recreational black sea bass and cobia fishers, followed by general commercial fishers (if applicable), followed by summaries specific to commercial black sea bass and cobia fishers.

In response to Question 1, which asked what was most important to participants about the fishery, most recreational fishers voiced that sustainability/conservation and the ability to keep fishing seasons open were of utmost importance to them (Table 2). Some recreational fishers discussed their concerns: those who fished for cobia specifically cited a reduction in the availability of legal-sized fish and importance of larger fish to the fishery (Table 2). Recreational black sea bass fishers also identified catching larger fish as being of great importance (Table 2), and identified maintaining clean water, fishery sustainability, availability, and equitable harvest between recreational and commercial sectors as features important to them (Table 2). Commercial both black sea bass and cobia fishers described fishing as a business and necessity for their livelihood. In this sense, they summarized what they valued about the fishery in terms of how it fit into their business portfolio. However, some commercial black sea bass fishers expressed enthusiasm for eating black sea bass, and the sustainability of the fishery (Table 2).


Table 2 | Responses to interview Question 1 by sector (recreational or commercial) and species (black sea bass or cobia).



Question 2 asked participants to choose three conceptual objectives from a list of six that we provided: A) “Catching the greatest number of pounds,” B) “Catching the greatest number of fish,” C) “Catching the largest size fish,” D) “Maximizing the length of the season,” E) “Conservation of the resource,” and E) “Increased access or opportunity within the fishery,” and rank each as their first, second and third most-preferred. All participants were encouraged to provide any other objectives they thought were missing and rank them if desired. Responses to Question 2 provided quantitative summaries of objective prioritization for commercial and recreational fisheries by species (Figure 1). We note that not all participants chose to rank objectives, providing qualitative answers instead. Recreational black sea bass fishers ranked “catching the largest fish,” and “maximizing the length of the season” second and most frequently, each with n = 4, and “conservation of the resource” and “increased access or opportunity [within the fishery]” third, each with n = 4; another also suggested reducing recreational black sea bass discards as an objective but did not rank it. The recreational black sea bass fisher who identified as a charter captain explicitly suggested the sustainability and optimization of yield as their top-ranked objective. Recreational cobia fishers ranked “maximizing the length of the season” first with n = 5, and also second with n = 4, and “catching the greatest number of fish” third and most frequently with n = 6; the fisher who identified as a charter and headboat captain suggested “consistency of success” as an equally top-ranked objective to “maximize length of the season,” referring to a combination of having enough days to fish and enough fish available to be caught. Commercial black sea bass fishers consistently ranked “catching the greatest number of pounds’’ first (n = 3), followed by “catching the greatest number of fish” and “increased access or opportunity [within the fishery]” (n = 2), and nearly all options excluding “catching the largest fish” were ranked third by at least one participant (n = 1). One commercial black sea bass fisher suggested that one objective should be reducing mortality from recreational discarding of black sea bass. The commercial cobia fisher ranked “increased access or opportunity [within the fishery]” first, “maximizing the length of the season” second, and “catching the greatest number of pounds” third. At least one recreational black sea bass fisher ranked each objective first, but “catching the greatest number of pounds” received the highest rank (n = 3).




Figure 1 | Tallied responses to Interview Question 2 which asks fishers to identify their top three conceptual objectives from a list provided by the interviewer. Conceptual objectives were ranked 1st, 2nd, or 3rd by commercial fishers (left) and recreational fishers (right) for black sea bass (red) and cobia (blue). Options for ranking were (A) “Catching the greatest number of pounds,” (B) “Catching the greatest number of fish,” (C) “Catching the largest size fish,” (D) “Maximizing the length of the season,” (E) “Conservation of the resource,” and (F) “Increased access or opportunity within the fishery.”.



Question 3 asked participants to choose three management measures from a list of six that we provided: A) “Changing the vessel/trip or bag limits,” B) “Changing the size limits,” C) “Changing the size limits to a slot limit,” D) “Seasonal closures,” E) “In-season adjustments to vessel/trip or bag limits,” and E) “Changing catch limit allocation among sectors,” and rank them as their first, second, and third most-preferred. Interviewers encouraged participants to list any additional management measures they preferred and rank them as desired. Question 3 provided quantitative summaries of management measures preference for commercial and recreational fisheries by species (Figure 2). Recreational black sea bass fishers ranked “change size limits” first and most frequently (n = 6), “change size limit to a slot limit” second (n = 5), and “change vessel/trip/bag limits,” “change size limits,” and “seasonal closures” third, each with n = 3. Recreational cobia fishers generally ranked “change allocation among sectors” first (n = 4), “change vessel/trip/bag limits” second (n = 4), “change vessel/trip/bag limits,” “change size limit to a slot limit,” and “in-season adjustments to limits” third, each with n = 1. Commercial fishers consistently ranked “changing the size limits” first (n = 3), “seasonal closures” second (n = 3), and “changing vessel/trip/bag limits” third (n = 2). The commercial cobia fisher did not choose to rank any of the six measures first, ranked “changing vessel/trip/bag limits” second, and both “changing size limits” and “seasonal closures” third. No additional management measures were proposed.




Figure 2 | Tallied responses to Interview Question 3 which asks fishers to identify their top three management measures from a list provided by the interviewer. Management measures were ranked 1st, 2nd, or 3rd by commercial fishers (left) and recreational fishers (right) for black sea bass (red) and cobia (blue). Options for ranking were (A) “Changing the vessel/trip or bag limits,” (B) “Changing the size limits,” (C) “Changing the size limits to a slot limit,” (D) “Seasonal closures,” (E) “In-season adjustments to vessel/trip or bag limits,” and (F) “Changing catch limit allocation among sectors.”.



Question 4 asked participants to describe any changes in their fishing behavior in response to past vessel or trip limits, depending on whether they were a commercial or recreational fisher. Some recreational fishers expressed hesitation when answering this question. They often answered that they followed the regulations, threw small fish back, or did not fish during a closure. Other recreational fishers reported that they fished less, targeted other species, or promoted more catch and release when trip limits were reduced. Some also expressed that this caused them to fish less offshore. A recreational cobia fisher reported that, “I will not run offshore and justify the fishing if I can’t come home with enough fish.” Most recreational fishers however stated that it caused no change to their behavior, that they followed the regulations, and kept fewer fish. Commercial fishers generally cited switching up gear, fishing new areas, or targeting different species when past changes to vessel limits were implemented. Commercial black sea bass and cobia fishers reported having to change some aspect of their business operations when vessel limits were reduced; for example, the commercial cobia fisher described changing the business model to focus on fewer catches of higher quality meat, stating that “you need to be able to make it on less and be smart about how to go about it, “ and one commercial black sea bass fisher shared that they, “had to work to maximize profits. Used to have two guys working on the boat, now we have only one. I’ve cut corners on everything I can. Learned to maximize bait and groceries. Pay less a percent to the crew that I used to. Been taking off things off expenses, taking tackle out of expenses.” Another commercial black sea bass fisher commented on their frustration with past changes to trip limits, “We’ve gone through changes and every year we go through a different change. The problem with trip limits is they’re not very enforceable. Can tell you from the commercial aspect, if commercial boats were required to carry VMS (vessel monitoring system), if they were required to have that, then it would be more enforceable … all they can do is look at your fish box, might catch a red snapper violation, but can only gauge trip limit when catch is offloaded.”

Question 5 asked participants to describe any changes in their fishing behavior in response to past changes to size limits in their respective sector. Recreational fisher responses varied. Some expressed that the greater size limits caused them to fish more to catch their limit, and others stated that they, “just didn’t focus on black sea bass as much. But if I’m catching 9/10 under size, I could be going after something else, I know I can catch.” Some recreational fishers expressed concern about handling more fish and increased discard mortality. One cobia angler stated that they “gotta handle more fish, so there’s more opportunity for injury to fish and angler.” A recreational cobia fisher said that the changes in size limits were confusing, especially near state lines, or that they were disappointed and did not understand the rationale behind differing size limits among sectors. Slot limits, which were suggested as a potential management measure in Question 3, came up in discussions with both commercial and recreational fishers in response to this question. Most commercial fishers were against a slot limit because it would forgo yield. Recreational fishers were generally more receptive to slot limits. Some stated that they thought it would enable them to focus on retaining larger fish (within the legal range), with one angler stating that “if the science supports, I support it”. Others took the opportunity to say, “no slot limits.” Commercial fishers generally reported that they let more fish go, changed gear to accommodate the new size limits, or had no change. One commercial black sea bass fisher had repeatedly expressed that more restrictions would have negative effects for commercial fishermen; they said, “fight them [size limit changes] when they come up and they’re proposed. Fight them and try to stop them. No size limit when I started.”

Question 6 asked participants to describe any changes in their fishing behavior in response to past seasonal closures. Recreational and commercial fishers for both black sea bass and cobia cited fishing less, targeting other species, or not fishing at all. Some recreational fishers stated that they were disappointed when closures occurred but noted that their livelihood was not at stake; others responded by saying they simply followed the regulations. However, one recreational cobia fisher reported that, “If I catch a cobia and it’s out of season, he goes in the box.” One commercial black sea bass fisher described how they switched fisheries entirely in response to closures: “I gill netted instead of black sea bass fishing. Now I can black sea bass fish all year. I luckily can fish here in the wintertime for black sea bass now though since closures have not happened in a while.” Commercial black sea bass fishers also expressed strong opposition to seasonal closures, stating that they wanted to avoid them at all costs.



Synthesis of interview results for integration with MSE

Several responses to Question 1 overlapped with ranked conceptual objectives listed in Question 2, therefore we synthesized responses to Questions 1 and 2 to identify a preliminary set of conceptual objectives and performance metrics for evaluation in the MSEs (Table 3). Additionally, for responses to Questions 2 and 3, we prioritized objectives and management measures by the number of times they were selected (highest n) regardless of rank. For recreational black sea bass fishers, “catching the most pounds’’ was the number-one ranked objective in Question 2, however, “catching the largest fish” and “maximize the length of the season” were the most frequent responses. Given that recreational black sea bass fisher responses to Question 1 included “regularly catch large individuals/fish,” “availability during cooler months,” and “sustainability/legitimate season (keep it open)” (Table 2) suggest that the number-two ranked objectives may be of greater importance. Consequently, we chose all three as recreational fishing objectives for evaluation. For performance metrics, we chose to measure changes in the median of recreational catch, the proportion of legal-sized fish in the estimated population, and the exploitation rate as a proxy for season length (Bohaboy et al., 2022). Reducing discards was an additional objective that both a commercial and recreational fisher cited but did not rank in response to Question 2. Given the recent increase in discard mortality in the most recent assessment for black sea bass (SEDAR, 2018), we included this as an additional conceptual objective for both sectors and chose to measure the magnitude of discards as a performance metric. For commercial black sea bass fishers, “catching the greatest number of pounds” was the most common and number one-ranked conceptual objective in response to Question 2, and responses to Question 1 included “added source of income/family business;” therefore we selected “catching the greatest number of pounds” as the primary commercial fishing objective for the black sea bass MSE. However, commercial catches of black sea bass have consistently been lower than the proportion of the total allowable catch allocated to the sector (SEDAR, 2018), suggesting that attaining the TAC may not be a sufficiently realistic performance metric, therefore we chose to examine changes in the median of commercial catch. For the commercial and recreational cobia fishers, “maximize length of the season” was the number one-ranked objective in Question 2, therefore this was selected as the primary commercial and recreational fishing objective for the cobia MSE. Additionally, we selected “catching the largest fish,” recreational cobia anglers’ number two-ranked objective, as an additional recreational fishing objective. We used the same performance metrics identified for use in the black sea bass MSE. We chose exploitation rates as a performance metric for both commercial and recreational season length, and the proportion of legal-sized fish in the population, respectively. Conservation of the resource was not the number one-ranked objective in responses to Question 2 for any fishery or sector, however, recreational black sea bass fishers consistently ranked it second (Figure 2), and recreational fishers’ responses to Question 1 suggested it was a high priority, e.g., “maintaining healthy stock of larger fish,” “sustainability/keeping it open,” and “sustainability/legitimate season (keep it open)” (Table 2). We interpreted these responses to mean that conservation, in the sense of keeping the fishery open in the long-term, was an important objective regardless of fishery and sector, therefore, we translated this into a conceptual objective designed to avoid fishery closures (SEDAR, 2018; SEDAR, 2020): maintain spawning stock biomass above the minimum stock size threshold (Table 3).


Table 3 | Conceptual objectives and performance metrics derived from participants’ responses to interview questions.



We synthesized responses from all questions to determine what HCR and management measures should comprise management procedures for implementation and simulation testing. In response to Question 3, “changing the size limit” was the highest ranked management measure among commercial fishermen and recreational anglers for black sea bass in response to Question 2 (Figure 2), and the reduction of discards was cited as a concern by both a commercial fisherman and recreational angler in response to Question 2. Additionally, “equitable harvest” was mentioned in response to Question 1 by recreational anglers for black sea bass (Table 2). Therefore, due to concerns over discards and the inequity in size limits across sectors, we chose to explore an 11-inch minimum size limit in both commercial and recreational fisheries, and a decrease in dead recreational discards by half (Table 3). Recreational cobia fishers ranked “changing allocation among sectors” as their most preferred management measure (Figure 2). We chose not to explore any management measures that would change the allocation further in favor of the recreational sector given the magnitude of the TAC landed by the recreational fleets. In responses to Questions 1 and 4, commercial fishermen for both black sea bass and cobia spoke of the value of the fishery in terms of economic importance and changing their business model or operations to maximize profits in response to management action (Table 2). This information is aligned with the prioritization of yield-based conceptual fishery objectives and is consistent with the aim of traditional maximum sustainable yield (MSY)-based management (Kell and Fromentin, 2007). Therefore, we selected a range of status quo HCRs that are explored in current stock assessments, specifically variations of the F-based reference point that will achieve MSY, e.g., FMSY  and fractions of FMSY , including those with a P* management buffer, for testing in both MSEs. Additionally, because the majority of participants cited no change to fishing behavior in response to changes to vessel/trip and bag limits, changes to minimum size limits, or seasonal closures, we only included the constant catch HCR in the implementation/projection model, as opposed to an HCR that includes a functional response in fishing to stock status (Berger et al., 2012).

We reconciled F-based constant catch HCRs with preferred management measures to develop a list of management procedures for implementation (Table 4). For black sea bass, the management procedures included a constant catch at FMSY with no changes to minimum size limits or allocation by sector, 75% FMSY with no changes to minimum size limits or allocation by sector, FMSY with P* = 0.4 with no changes to minimum size limits or allocation by sector, FMSY with P* = 0.38 with no changes to minimum size limits or allocation by sector, FMSY with P* = 0.4 with no changes to minimum size limits, but 50% less catch allocated to discard to simulate improved discard practices ergo higher black sea bass discard survival, and FMSY with P* = 0.4 with 11-inch minimum size limits for both recreational and commercial sectors and no change to allocation by sector (Table 4). FMSY with P* = 0.38 was included in the last two because it was the preferred alternative implemented for managing Southeast black sea bass in 2018 (Chip Collier, SAFMC, personal communication). For cobia, we chose to test the same four black sea bass management procedures without changes to size limits or allocation (Table 4). We chose FMSY , 75% FMSY and FMSY with P* = 0.4 because these are all management procedures used for projections in the most recent stock assessments (SEDAR, 2018; SEDAR, 2020).


Table 4 | Management procedures by species: black sea bass (BSB) and cobia (COB).






Discussion

Using information obtained from semi-structured interviews with stakeholders, we were able to identify conceptual objectives and preferred management measures, and develop candidate management procedures for implementation and simulation testing; these constitute several elements of the MSE participatory modeling framework outlined by Goethel et al. (2019), and represent several key features of stakeholder engagement in MSE regardless of timetable (Punt et al., 2016; Deroba et al., 2019; Feeney et al., 2019). Our study demonstrates that conducting semi-structured interviews with stakeholders, specifically commercial fishermen and recreational anglers, in tandem with MSE tool development is a viable intermediate approach to a full MSE when direct stakeholder participation in MSE is not feasible.

Our study was not without some shortcomings. Without iterative stakeholder participation and feedback, we had to translate information obtained from interview responses into information that could be used in the MSE tool. The compartmentalization and distillation of information obtained from fishers is an ongoing concern in resource management (Holm, 2003) and who is doing the translating, and how the information is put to use by resource managers and scientists matters, therefore we must look critically at the translation process (Murray et al., 2005). Our participants chosen during the first phase was largely based on snowball sampling, however, most participants were recreational fishers who were chosen using a statistical sampling framework during Phase II. Most landings in Southeast marine fisheries come from recreational fishing (Shertzer et al., 2019), therefore we believe our approach was equitable. Another challenge in integrating experiential knowledge with quantitative frameworks is that it requires a process designed to receive it (Nadasdy, 1999; Stephenson et al. 2016; Steins et al., 2020); the design of our MSE tool and initial testing precluded the exploration of certain management scenarios that could have been developed from interview responses. For example, recreational black sea bass anglers ranked “changing the size limit to a slot limit” as their second most-preferred management procedure in Question 3 (Figure 2), and slot limits were the subject of much discussion in response to Question 5 (see Results). During initial testing of the MSE tool, we modified fishery selectivity in the OMs and implementation/projection model to reflect the implementation of a slot limit but could not obtain convergent model results. Similarly, although “seasonal closures” was the third most-preferred management procedure for both recreational black sea bass and cobia anglers (Figure 2), this conflicted with our goal of conditioning the OMs to reflect the most recent stock assessment estimates for black sea bass and cobia, which used non-seasonal models (SEDAR, 2018; SEDAR, 2020). We also acknowledge some sampling bias. In choosing fishers who have participated in the black sea bass and cobia fisheries for 10 or more years, we exclude those who may have exited either fishery due to past management actions. By selecting participants with long histories of fishing however, we may avoid the ‘shifting baseline syndrome’ sometimes associated with newer entrants to the fishery whose experience with fisheries management may be limited (Murray et al., 2010). We also acknowledge a heavy skew toward private anglers in terms of recreational fisher participation in interviews. Charter and headboat operations are an important component of recreational fishing economies in the Southeast US, and the captains, crew and clients are likely to have different motivations and perspectives concerning each fishery. Moreover, for black sea bass, private angling comprises the greatest proportion of landings and fishing mortality (SEDAR, 2018). For cobia, landings data and fishing mortality are aggregated by general commercial and recreational fleets (SEDAR, 2020), but MRIP catch estimates suggest that private angling and charter boats are equally responsible for the majority of fishing mortality in the Southeast US (National Marine Fisheries Service Fisheries Statistics Division, personal communication). Additionally, we focused on fishermen participating in the commercial pot fishery for black sea bass because it is the dominant source of fishing mortality in the commercial sector (SEDAR, 2018). This introduces a bias toward views of the commercial black sea bass pot fishery in commercial black sea bass responses. However, few fishers attended SEDAR, 2018, and those that did were participants in the commercial pot fishery.

One of the key features of MSE is the ability to identify tradeoffs associated with each management procedure (Bunnefeld et al., 2011; Punt et al., 2016). Many of the management procedures chosen for simulation testing based on the interview results were MSY-based, which have often failed to meet recreational objectives (Miller et al., 2010; Ihde et al., 2011). Recreational fisheries remain the dominant source of fishing mortality in the Southeast US (Shertzer et al., 2019), therefore, it is vital to engage with fishery stakeholders, specifically those from recreational sectors, to determine where those tradeoffs may occur. New intermediate approaches to engaging stakeholders and utilizing their data in MSE are being pioneered to determine whether management strategies meet recreational objectives (Bellquist et al., 2022). Although labor-intensive, our study represents a cost-effective alternative intermediate framework for stakeholder engagement in MSE. We anticipate that these approaches will become increasingly necessary as recreational fisheries outgrow commercial fisheries (Arlinghaus et al., 2019) and the cost of government implementation of MSE remains high (Aranda & Motos, 2006).



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving human participants were reviewed and approved by North Carolina State University Independent Review Board. Written informed consent for participation was not required for this study in accordance with the national legislation and the institutional requirements.



Author contributions

MD is the first author for this work. JC is the senior author. All other authors shared an equal contribution as second authors. All authors contributed to the article and approved the submitted version.



Acknowledgments

We would like to acknowledge the National Marine Fisheries Service Marine Fisheries Initiative grant program, federal award number NA19NMF4330236, for funding this research. We would like to thank Dr. Cassidy Peterson for her insight, the reviewers of this manuscript for their feedback and suggestions and express our deep appreciation for the time that all interview participants gave to this research.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Supplementary material

The Supplementary Material for this article can be found online at: https://www.frontiersin.org/articles/10.3389/fmars.2022.1063260/full#supplementary-material



References

 Andrews, E. J., Pittman, J., and Armitage, D. R. (2021). Fisher Behaviour in coastal and marine fisheries. Fish Fish. 22 (3), 489–502. doi: 10.1111/faf.12529

 Aranda, M., Motos, L., et al. (2006). “Chapter 16 management strategy evaluation (MSE) and management procedure (MP) implementations in practice: A review of constraints, roles and solutions,” in Developments in aquaculture and fisheries science.  Motos, L., and Wilson, D. C. (Elsevier) 36 (409), 421–5213. doi: 10.1016/S0167-9309(06)80019-0

 Arlinghaus, R., Abbott, J. K., Fenichel, E. P., Carpenter, S. R., Hunt, L. M., Alós, J., et al. (2019). Opinion: Governing the recreational dimension of global fisheries. Proc. Natl. Acad. Sci. United States America 116 (12), 5209–5213. doi: 10.1073/pnas.1902796116

 Bellquist, L., Harford, W. J., Hurd, F., Jackson, A., Prince, J. D., Freiwald, J., et al. (2022). Use of management strategy evaluation to understand the value of citizen science in managing an iconic California recreational fishery. Estuar. Coast. Shelf Sci. 278, 108112. doi: 10.1016/j.ecss.2022.108112

 Berger, A., Pilling, G., Harley, S., Davies, N., and Hampton, J. (2012). Introduction to harvest control rules for WCPO tuna fisheries. (Western and Central Pacific Fisheries Commission. Busan, Republic of Korea.) doi: 10.13140/2.1.4767.0409

 Bohaboy, E. C., Goethel, D. R., Cass-Calay, S. L., and Patterson, W. F. (2022). A simulation framework to assess management trade-offs associated with recreational harvest slots, discard mortality reduction, and bycatch accountability in a multi-sector fishery. Fish. Res. 250, 106268. doi: 10.1016/j.fishres.2022.106268

 Branch, T. A. (2020). Independent peer review of the 2020 IPHC management strategy evaluation process. (Seattle, WA: International Pacific Halibut Commission). 1–6.

 Bunnefeld, N., Hoshino, E., and Milner-Gulland, E. J. (2011). Management strategy evaluation: A powerful tool for conservation? Trends in Ecology & Evolution 26 (9), 441–47. doi: 10.1016/j.tree.2011.05.003

 Butterworth, D. S. (2007). Why a management procedure approach? some positives and negatives. ICES J. Mar. Sci. 64 (4), 613–617. doi: 10.1093/icesjms/fsm003

 Butterworth, D. S., and Punt, A. E. (1999). Experiences in the evaluation and implementation of management procedures. ICES J. Mar. Sci. 56 (6), 985–998. doi: 10.1006/jmsc.1999.0532

 Cao, J., Chen, Y., and Richards, R. A. (2017). Improving assessment of pandalus stocks using a seasonal, size-structured assessment model with environmental variables. part I: Model description and application. Can. J. Fish. Aquat. Sci. 74 (3), 349–362. doi: 10.1139/cjfas-2016-0020

 Carruthers, E. H., and Neis, B. (2011). Bycatch mitigation in context: Using qualitative interview data to improve assessment and mitigation in a data-rich fishery. Biol. Conserv. 144 (9), 2289–2299. doi: 10.1016/j.biocon.2011.06.007

 Chen, Y., Hunter, M., Vadas, S.,. R., and Beal, B. (2003). Developing a growth-transition matrix for the stock assessment of the green sea urchin (Strongylocentrotus droebachiensis) off Maine. Fishery Bull. 101, 737–744. http://hdl.handle.net/1834/31017

 Coleman, F. C., Figueira, W. F., Ueland, J. S., and Crowder, L. B. (2004). The impact of united states recreational fisheries on marine fish populations. Science 305 (5692), 1958–1960. https://doi.org/10.1126/science.1100397

 Crona, B. I. (2006). Supporting and enhancing development of heterogeneous ecological knowledge among resource users in a Kenyan seascape. Ecol. Soc. 11 (1), 32. doi: 10.5751/ES-01712-110132

 Deith, M. C. M., Skerritt, D. J., Licandeo, R., Duplisea, D. E., Senay, C., Varkey, D. A., et al. (2021). Lessons learned for collaborative approaches to management when faced with diverse stakeholder groups in a rebuilding fishery. Mar. Policy 130, 104555. doi: 10.1016/j.marpol.2021.104555

 Deroba, J. J., Gaichas, S. K., Lee, M.-Y., Feeney, R. G., Boelke, D., and Irwin, B. J. (2019). The dream and the reality: Meeting decision-making time frames while incorporating ecosystem and economic models into management strategy evaluation1,2. Can. J. Fish. Aquat. Sci. 76 (7), 1112–1133. doi: 10.1139/cjfas-2018-0128

 Dickey-Collas, M. (2014). Why the complex nature of integrated ecosystem assessments requires a flexible and adaptive approach. ICES J. Mar. Sci. 71 (5), 1174–1182. doi: 10.1093/icesjms/fsu027

 Duplisea, D. E. (2017). Eliminating implausible fisheries assessment models using fishers’ knowledge. Can. J. Fish. Aquat. Sci. 75 (8), 1280–1290. doi: 10.1139/cjfas-2017-0178

 Feeney, R. G., Boelke, D. V., Deroba, J. J., Gaichas, S., Irwin, B. J., and Lee, M. (2019). Integrating management strategy evaluation into fisheries management: Advancing best practices for stakeholder inclusion based on an MSE for northeast US Atlantic herring. Under Pressure: Addressing Fish. Challenges Manage. Strategy Eval. 01 (01), 1103–1111. doi: 10.1139/cjfas-2018-0125@cjfas-mse.issue01

 Fournier, D. A., Skaug, H. J., Ancheta, J., Ianelli, J., Magnusson, A., Maunder, M. N., et al. (2012). AD model builder: Using automatic differentiation for statistical inference of highly parameterized complex nonlinear models. Optimizat Methods Soft. 27 (2), 233–249. doi: 10.1080/10556788.2011.597854

 Goelz, T., Hartley, T., Scheld, A., and Carboni, I. (2020). The development of attitudes toward scientific models during a participatory modeling proces–the impact of participation and social network structure. Front. Mar. Sci. 7. doi: 10.3389/fmars.2020.00644

 Goethel, D. R., Lucey, S. M., Berger, A. M., Gaichas, S. K., Karp, M. A., Lynch, P. D., et al. (2019). Closing the feedback loop: On stakeholder participation in management strategy evaluation. Under Pressure: Addressing Fish. Challenges Manage. Strategy Eval. 01 (01), 1895–1913. doi: 10.1139/cjfas-2018-0162@cjfas-mse.issue01

 Grüss, A., Harford, W. J., Schirripa, M. J., Velez, L., Sagarese, S. R., Shin, Y.-J., et al. (2016). Management strategy evaluation using the individual-based, multispecies modeling approach OSMOSE. Ecol. Model. 340, 86–105. doi: 10.1016/j.ecolmodel.2016.09.011

 Hind, E. J. (2015). A review of the past, the present, and the future of fishers’ knowledge research: A challenge to established fisheries science. ICES J. Mar. Sci. 72 (2), 341–358. doi: 10.1093/icesjms/fsu169

 Holm, P. (2003). Crossing the border: On the relationship between science and fishermen’s knowledge in a resource management context. MAST 2 (1), 5–33.

 Ihde, T. F., Wilberg, M. J., Loewensteiner, D. A., Secor, D. H., and Miller, T. J. (2011). The increasing importance of marine recreational fishing in the US: Challenges for management. Fish. Res. 108 (2–3), 268–276. doi: 10.1016/j.fishres.2010.12.016

 Kell, L. T., and Fromentin, J.-M. (2007). Evaluation of the robustness of maximum sustainable yield based management strategies to variations in carrying capacity or migration pattern of Atlantic bluefin tuna (Thunnus thynnus). Can. J. Fish. Aquat. Sci. 64 (5), 837–847. doi: 10.1139/f07-051

 Miller, T., Blair, J., Ihde, T., Jones, R., Secor, D., and Wilberg, M. (2010). FishSmart: An innovative role for science in stakeholder-centered approaches to fisheries management. Fisheries 35, 424–433. doi: 10.1577/1548-8446-35.9.422

 Murray, G., Bavington, D., and Neis, B. (2005). “Local ecological knowledge, science, participation and fisheries governance in newfoundlands and Labrador: A complex, contested and changing relationship,” in Participation in fisheries governance. Ed.  T. S. Gray (Dordrecht: Springer), 269–290).

 Murray, G., Johnson, T., McCay, B. J., Danko, M., St. Martin, K., and Takahashi, S. (2010). Creeping enclosure, cumulative effects and the marine commons of new Jersey. Int. J. Commons 4 (1), 367–389. doi: 10.18352/ijc.148

 Murray, G., Neis, B., and Johnsen, J. P. (2006). Lessons learned from reconstructing interactions between local ecological knowledge, fisheries science, and fisheries management in the commercial fisheries of Newfoundland and Labrador, Canada. Hum. Ecol. 34 (4), 549–571. doi: 10.1007/s10745-006-9010-8

 Nadasdy, P. (1999). The politics of TEK: Power and the “Integration” of knowledge. Arctic Anthropol. 36 (1/2(1999), 1–18. https://www.jstor.org/stable/40316502

 Neis, B. (1992). Fishers’ ecological knowledge and stock assessment in Newfoundland. Newfoundland Stud. 8 (2), 25.

 Neis, B., Schneider, D. C., Felt, L., Haedrich, R. L., Fischer, J., Hutchings, J. A., et al. (1999). Fisheries assessment: What can be learned from interviewing resource users? Can. J. Fish. Aquat. Sci. 56 (10), 1949–1963. doi: 10.1139/f99-115

 Ono, K., Haynie, A. C., Hollowed, A. B., Ianelli, J. N., McGilliard, C. R., and Punt, A. E. (2017). Management strategy analysis for multispecies fisheries, including technical interactions and human behavior in modelling management decisions and fishing. Canadian Journal of Fisheries and Aquatic Sciences 75 (8), 1185–1202. doi: 10.1139/cjfas-2017-0135

 Paterson, B. (2010). Integrating fisher knowledge and scientific assessments. Anim. Conserv. 13 (6), 536–537. doi: 10.1111/j.1469-1795.2010.00419.x

 Patton, M. Q. (1990). Qualitative evaluation and research methods. 2nd ed (Sage Publications, Inc), 532.

 Plagányi, É.E., Punt, A. E., Hillary, R., Morello, E. B., Thébaud, O., Hutton, T., et al. (2014). Multispecies fisheries management and conservation: Tactical applications using models of intermediate complexity. Fish Fish. 15 (1), 1–22. doi: 10.1111/j.1467-2979.2012.00488.x

 Punt, A. E., Butterworth, D. S., Moor, C. L., Oliveira, J. A. A. D., and Haddon, M. (2016). Management strategy evaluation: Best practices. Fish Fish. 17 (2), 303–334. doi: 10.1111/faf.12104

 Quinn, T. J., and Deriso, R. B. (1999). Quantitative fish dynamics (Oxford University Press).

 R Core Team (2022). R: A language and environment for statistical computing (Vienna, Austria: R Foundation for Statistical Computing).

 Rudershausen, P. J., Buckel, J. A., and Hightower, J. E. (2014). Estimating reef fish discard mortality using surface and bottom tagging: Effects of hook injury and barotrauma. Can. J. Fish. Aquat. Sci. 71 (4), 514–520. doi: 10.1139/cjfas-2013-0337

 SEDAR (2018). SEDAR 56 stock assessment report south Atlantic black seabass [Stock assessment report]. (North Charleston, SC: Southeast Data, Assessment, and Review).

 SEDAR (2020). SEDAR 58 Atlantic cobia stock assessment report [Stock assessment report]. (North Charleston, SC: Southeast Data, Assessment, and Review)

 Shertzer, K. W., Williams, E. H., Craig, J. K., Fitzpatrick, E. E., Klibansky, N., and Siegfried, K. I. (2019). Recreational sector is the dominant source of fishing mortality for oceanic fishes in the southeast united states Atlantic ocean. Fish. Manage. Ecol. 26 (6), 621–629. doi: 10.1111/fme.12371

 Steins, N. A., Kraan, M. L., van der Reijden, K. J., Quirijns, F. J., van Broekhoven, W., and Poos, J. J. (2020). Integrating collaborative research in marine science: Recommendations from an evaluation of evolving science-industry partnerships in Dutch demersal fisheries. Fish Fish. 21 (1), 146–161. doi: 10.1111/faf.12423

 Stephenson, R. L., Paul, S., Pastoors, M. A., Kraan, M., Holm, P., Wiber, M., et al. (2016). Integrating fishers’ knowledge research in science and management. ICES J. Mar. Sci. 73 (6), 1459–1465. doi: 10.1093/icesjms/fsw025

 Tesfamichael, D., Pitcher, T. J., and Pauly, D. (2014). Assessing changes in fisheries using fishers’ knowledge to generate long time series of catch rates: A case study from the red Sea. Ecol. Soc. 19 (1), 18. Available at: https://www.jstor.org/stable/26269484.

 Wilson, J. (2006). Matching social and ecological systems in complex ocean fisheries. Ecol. Soc. 11 (1), 9. doi: 10.5751/ES-01628-110109


Publisher’s note: All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.

Copyright © 2022 Damiano, Wager, Rocco, Shertzer, Murray and Cao. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.


OEBPS/Text/toc.xhtml


  

    Table of Contents



    

		Cover



      		

        Integrating information from semi-structured interviews into management strategy evaluation: A case study for Southeast United States marine fisheries

      

        		

          Introduction

        



        		

          Methods

        

          		

            Case study background

          



          		

            Research design

          



          		

            Interviews

          



          		

            Integration with MSE

          



        



        



        		

          Results

        

          		

            Responses to interview questions

          



          		

            Synthesis of interview results for integration with MSE

          



        



        



        		

          Discussion

        



        		

          Data availability statement

        



        		

          Ethics statement

        



        		

          Author contributions

        



        		

          Acknowledgments

        



        		

          Conflict of interest

        



        		

          Supplementary material

        



        		

          References

        



      



      



    



  



OEBPS/Images/crossmark.jpg
©

2

i

|





OEBPS/Images/fmars-09-1063260-g002.jpg
count

oON &~ O

Commercial

count

Recreational
A
spp [ ss8 [l cos spp [l s [l cos spp [l Bss [l cos spp [ sss [l cos
6 6 6 6
€4 €4 €4 €4
= 3 - |
| a1 R =
0 N | 0 N | 0 - | 0 -
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
rank rank rank rank
D C
spp [ Bss [l cos spp I sss [ cos spp I 8ss [ cos spp [ 8s8 [l cos
6 6 6 6
4 €4 €4 €4
b | - = |
2 2 - = 82 - [ I — -
0 — 0 — : —— 0 D— - — 0 — _ :
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
rank rank rank rank
F E F
spp M Bss [ cos spp 1 ess [l cos spp I Bss [l cos spp 1 sss [l cos
6 6 6
£ e el §
N | 0 0 - | | 0 I -
1st 2nd 3rd 1st 2nd 3rd 1st 2nd
rank rank

3rd 1st 2nd
rank

rank

3rd





OEBPS/Images/table2.jpg
Recreational Black Sea Bass Recreational Cobia Commercial Black Sea Bass Commercial Cobia

Enjoyment/being able to get outdoors/ Having year-round availability of Sustainability/keeping it open Important seasonal bycatch, supplement to other
Food legal fish fisheries
Availability during cooler months Uniqueness of the fish and Important winter fishery
availability
Regularly catch fish/large individuals ~ Maintaining healthy stock of larger Added source of income/family
fish business
Maintain clear water Enjoy cating them

Sustainability/legitimate season (keep it open)

Equitable harvest

Question 1 asks fishers to tell the interviewer what they value most about the fishery.





OEBPS/Images/table4.jpg
Management procedure

Fngy

75%F ey

Frpy with P* = 0.4

Fipy with P* = 038

Fypgy with P* = 0.38 and 50% reduction in discard F
Fypey with P* = 038 and 11-inch recreational
minimum size limit

Fongy
75%F gy

Frpy with P* = 0.4
Foney with P* = 038

Species

Black sea
bass

Black sea
bass

Black sea
bass

Black sea
bas

Black sea
bass

Black sea
bass

Cobia
Cobia
Cobia
Cobia

Description/notes
Constant catch, no change to status quo minimum size limits
Constant catch, no change to status quo minimum size limits
Constant catch, P* = 0.4 is approx. 92% F,,q,

Constant catch, 13-inch size limit (rec), 11-inch size limit (comm) P* = 0.38 is approx. 94% F, ;
currently applied

Same as above with discard mortality reduced by 50% simulating improved discard practice

Constant catch with selectivity changed to reflect 11-inch minimum size limit in recreational
fishery

Constant catch, 36-inch size limit; currently applied
Constant catch, no change to status quo minimum size limits
Constant catch, P* = 0.4 is approx. 92% F,,g, , no change to size limit

Constant catch, P* = 0.38 is approx. 94% F,q, ; currently applied

P* is a management buffer; P* = 0.40 is approximately 92%F,, and 0.38 is approximately 94%F,y, . Those management procedures that are currently applied are noted as such in the

description/notes.





OEBPS/Images/table3.jpg
Type of Objective

Commercial Fishing

Recreational

Recreational

Recreational

Recreational and Commercial Fishing
Commercial Fishing

Recreational Fishing

Recreational Fishing

Conservation

Species
Black sea bass
Black sea bass
Black sea bass
Black sea bass
Black sea bass

Cobia
Cobia
Cobia

Black sea bass/Cobia

Conceptual Objective

Catch the greatest number of pounds
Catch the greatest number of pounds
Catch the largest fish
Maximize the length of the season
Reduce discards
Maximize the length of the season
Maximize the length of the season
Catch the largest fish

Maintain SSB above MSST

Changes in median of average catch
Changes in the median of average catch

Proportion of legal-sized fish in the population

Changes in exploitation rates as a proxy for season length
Magnitude of discards

Changes in exploitation rates as a proxy for season length
Changes in exploitation rates as a proxy for season length

Proportion of legal-sized fish in the population

% of simulations in which SSB remains above MSST





OEBPS/Images/fmars-09-1063260-g001.jpg
Commercial

Recreational
A
spp [ Bss [ cos spp [ s [l cos spp [ ss [l cos spp [ 8ss [l cos
8 8 8 8
20 26 26 26 —
g4 24 24 24 .
38 8 8 8
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
rank rank rank rank
(o] (o]
spp M sss [ cos spp 1 Bss [ cos spp 1 Bss [ cos spp I Bss [ cos
8 8 8 8
o =6 =6 o o mm
34 34 34 m—— 34
°2 °2] il 1 B B N =
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd
rank rank rank rank
F E
spp 1 sss [l cos spp M Bss [l cos spp M Bss [l cos spp 1 Bss [l cos
8 8 8 8
6 26 6 6
pe- } e o | b= §
g4 34 %) B ==l
0 m— o]  — I I B I
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd 1st
rank rank rank

2nd

rank

3rd





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





OEBPS/Images/table1.jpg
Phase I Participants

Recreational black sea bass
Recreational cobia
Commercial black sea bass

Commercial cobia

Number of Phase I participants

[F I

Phase II Participants

Recreational black sea bass
Recreational cobia
Commercial black sea bass

Commercial cobia

Number of Phase II participants

10





OEBPS/Images/fmars.2022.1063260_cover.jpg
& frontiers | Frontiers in Marine Science

Integrating information from
semi-structured interviews into
management strategy
evaluation: A case study for
Southeast United States
marine fisheries





