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There is a reluctance to incorporate Fishers’ Ecological Knowledge (FEK) into the evidence base used to underpin marine management decisions. FEK has proved to be useful as an alternative reference of biological changes in data-poor scenarios. Yet, recreational fisher knowledge has rarely been included in scientific studies despite being a source of FEK. Here, the use of recreational FEK to assess the conservation status of marine ecosystems in Galicia (NW Spain) was evaluated. Galicia has a highly complex marine socioecological system that includes both a large global commercial fleet and a powerful recreational sector, alongside other important stakeholders (e.g., tourism, aquaculture). Anglers and spear fishers were asked to provide their perceptions of the conservation status of fish stocks and the impacts on marine ecosystems. Face-to-face interviews were transcribed into text and analyzed using text mining tools. Key concepts were used to quantify fishers’ perceptions of changes in their target fish stocks and quantify the main impacts on marine ecosystems. Overfishing and habitat loss, followed by reduction in biodiversity, pollution, and warming temperatures were considered to be the main drivers of the poor status of cephalopods and finfish stocks. Perceived temporal declines in fish stocks were consistent with available biological data, highlighting the potential for recreational FEK to be used to assess long-term ecological changes. It was important to seek opinions from different users, including fishers from traditional commercial and recreational fisheries, as these groups had good knowledge of the impacts on natural and cultural community heritage. The poor status of ballan wrasse (Labrus bergylta) and kelp beds was identified, which was of concern due to it being a key species in coastal ecosystems. Use of FEK is a good approach to develop knowledge of these systems, but broader monitoring programs are needed to protect the future of these ecosystems.

Keywords: perceptions, long-term trends, shifting baselines, ecological knowledge, recreational fisheries, stock assessment, fisheries science


INTRODUCTION

Responsible management of natural resources and services provided by marine ecosystems needs reliable information on the human-induced changes over time (Lockwood et al., 2012). However, the lack of long-term scientific information on human impacts makes sustainable exploitation of marine populations a challenge as baseline data needed to assess changes do not exist (Halpern et al., 2008). Management decisions based on incorrect baselines can result in the long-term maintenance of marine ecosystems well below natural levels (Pitcher, 2001). This has been described as the “shifting baseline syndrome” where the current conservation status of marine ecosystems is established as a cognitive baseline reference against which to judge future changes (Pauly, 1995). The implications of these shifting baselines is not trivial given the potential for overexploitation of the planet’s ecosystems by humanity (Watson et al., 2018).

Fishers’ ecological knowledge (FEK), alongside other sources of information (Thurstan et al., 2015b), has begun to be used in the last decades to provide alternative long-term references or baselines for management decisions (Hind, 2014). FEK is generated from the long-term use of ecosystems, and integrates practices and perceptions influenced by local culture, differing from traditional science in the way that data are interpreted and organized (Maurstad, 2002). FEK can complement traditional scientific knowledge, increasing spatial and temporal resolution of the derived knowledge framework (Agrawal, 1995; Stephenson et al., 2016; Gourguet et al., 2018). Despite this, its use in the management of natural resources has not become widespread (Huntington, 2000). Fisheries science has been particularly reluctant to incorporate FEK into decision making procedures (Hind, 2014). The lack of recognition by the scientific community of the inseparability of nature and society has also hampered the success of this process (Goldman and Schurman, 2000).

Recreational fisheries are providing an increasing amount of data for researchers about their activity (e.g., Lloret et al., 2008; Giovos et al., 2018), but also about the ecosystems within they operate (e.g., Tiralongo et al., 2019), but the use of their FEK has been limited (see review by Hind, 2014). Given that there are many more recreational than commercial fishers (Hyder et al., 2018; Arlinghaus et al., 2019a), recreational fishers represent a relatively untapped source of long-term information on marine ecosystems (Brewin et al., 2017). Recreational FEK has been used to quantify variations in abundances and distribution of different fish stocks (e.g., Azzurro et al., 2011; Zukowski et al., 2011; Beaudreau and Levin, 2014; Sbragaglia et al., 2020). However, to our knowledge, it has not been used to integrate perceptions of trends of fish stocks with the conservation status of the whole ecosystems.

In this study, the use of recreational FEK to assess the conservation status of marine ecosystems in data-poor situations was evaluated in Galicia (NW Spain). Galicia has one of the largest commercial fleets globally, including large scale high seas vessels operating from the main ports (STECF, 2018), and 4,000 small-scale fisheries vessels in many of the smaller towns and villages (Freire and García-Allut, 2000; Pita et al., 2019). Coastal ecosystems are also exploited by a thriving marine recreational fishery composed by 60,000 fishers and 4,000 boats (Pita et al., 2018b). Furthermore, one of the most important worldwide mussel aquaculture industry is located there (Pérez-Camacho et al., 1991; Villasante et al., 2013), which along with intensive shipping traffic (Suárez de Vivero and Rodríguez Mateos, 2012) and growing tourism demand (Cortés-Jiménez, 2008) shape a highly complex socioecological system. In this context, the lack of long-term scientific ecological data poses serious challenges for setting management baselines from which to develop sustainable exploitation of the coastal ecosystems (Pita and Villasante, 2019; Pita et al., 2019). This is exacerbated because Galicia has the highest social and economic dependence on marine resources in the European Union (Surís-Regueiro and Santiago, 2014).

To address information needs for sustainable management of marine resources, long-term trends in the conservation status of fish stocks and the key changes in marine ecosystems were obtained from recreational FEK. Status of main fish stocks and impacts on marine ecosystems were explored, followed by an analysis to identify topics that could influence fishers’ perceptions of the conservation status of fish stocks and habitats. The level of agreement between fishers’ perceptions and other sources of biological data was assessed.



MATERIALS AND METHODS


Participants

Very active fishers with a high degree of involvement in the recreational fishery were recruited using a snowball model (Goodman, 1961), starting with a small group of informants that were initially identified by representatives of the main regional recreational fishers’ associations, and expanding through their contacts and social networks [i.e., “peer referencing” (Davis and Wagner, 2003)]. This was designed to recruit avid recreational fishers with a high degree of knowledge of the fishery and ecosystem. This is because they will be most aware of long-term changes, as their catches are dependent on the health of the system and fishing has been a central part of their lifestyle for many years (Arlinghaus et al., 2019b). Top fishers in spearfishing competitions1 (N = 4) and rod and line anglers in the directive board of the main fishers’ clubs in the region2 (N = 10), including old and young people, were selected (mean age was 55.07 ± 11.46 SD years; Table 1).


TABLE 1. Participant characteristics (N = 14).
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Data Collection

Face-to-face semi-structured video-recorded interviews were conducted from May 2017 to January 2018 by a single investigator. Semi-structured interviews were used to ensure that participants provided information on key topics, while open-ended questions and probes allowed fishers to expand on the most important items for them (Bryman, 2016).

Filmed interviews have some advantages over other face-to-face methods including sound recordings. For example, video footage can be viewed many times and shared with other investigators, reducing the potential for observer-related biases. Social cues (e.g., voice, intonation, body language) can provide extra information and responses are more spontaneous than with other methods (Opdenakker, 2006). In addition, the accuracy of the interview report remains high without the need to take notes which can distract the interviewer (Wengraf, 2001).

The interviews mostly lasted less than 10 min (7.08 ± 3.49 min). Fishers reported fishing experience (25.07 ± 14.60 years; Table 1) and described their perceptions of: (1) any changes over times in the abundances and sizes of their main target species (i.e., explain how has the abundances and/or sizes changed?); and (2) key changes in the marine ecosystems (i.e., describe what has changed and why?). To identify topics that potentially could influence perceptions, the fishers were also asked to provide information on: (1) main changes in fishing gears and techniques to assess potential hyper-stability in abundance trends (Maunder et al., 2006; Kleiber and Maunder, 2008); and (2) personal motivations for recreational fishing (i.e., why they are recreational fishers?) to assess heterogeneity (Beaudreau and Levin, 2014). Participants were asked to bring pictures of old and recent fishing trips to the interviews to help them to remember and avoid recall bias (Hiett and Worrall, 1977; Pollock et al., 1994). The photographs were requested to show typical fishing scenes, including gears, rather than catches. All fishers who agreed to participate in the study provided verbal informed consent.



Statistical Analysis

The audio of the interviews was transcribed into text by using the googleLanguageR library (Edmondson, 2018) and analyzed by using text mining tools within the tm library (Meyer et al., 2008), both within the statistical software R (R Core Team, 2019). Automatized transcription tools and text mining techniques to process transcribed texts were used because this method can save a considerable amount of time (Bryman, 2016). The texts were subsequently reviewed to avoid transcription errors.

A three-step approach was used to analyze the content of the discourse on each topic. Firstly, the relative frequency of each word included in the transcriptions was obtained using the termdocumentmatrix tool from the tm library. Usual stop words were removed by using the stopwords and removeWords tools. Secondly, the meaning of key concepts represented by the most frequent words was analyzed after translation into English by showing the connections using the Rgraphviz library (Hansen et al., 2017). The maximum correlation threshold was used in each case, allowing at least one association between the words. Finally, hierarchical cluster analysis was done on the dissimilarity matrix of the most recurrent words using Ward’s minimum variance method (Ward, 1963).

The relationships among the key concepts identified were used to quantify fishers’ perceptions of changes in the conservation status of their target fish stocks by using the following scale: −2 (very negative, meaning much less and/or much smaller fishes); −1 (negative, meaning less and/or smaller fishes); 0 (meaning no changes in abundances and/or sizes); 1 (positive, meaning more and/or bigger fishes); and 2 (very positive, meaning much more and/or bigger fishes).

Key concepts were grouped to identify the main impacts on marine ecosystems and access motivations of the recreational fishers. To ensure groups were consistent and coherent (Saldaña, 2015), they were compared with main topics identified in the texts of the transcriptions by using the LDA tool of the topicmodels library in R, that generated a probabilistic framework for the frequency occurrences of the key concepts of the interviews (Hornik and Grün, 2011). Key concepts were also used to quantify changes in fishing gears and techniques separately for anglers and spear fishers by using the following scale: 0 (no changes); 1 (minor improvements); and 2 (great improvements).

Throughout this process, original video recordings and transcriptions were routinely reviewed especially for cases that raised doubts about the coding and grouping of variables. Furthermore, the coding and grouping were reviewed by a second investigator and discrepancies were discussed until consensus was reached. To assess the degree of completeness of the species lists and key concepts, mean accumulation curves were obtained using bootstrapping with 1,000 permutations (Gotelli and Colwell, 2001). This bootstrapping procedure was used to assess the efficiency in the identification of target species and key concepts (Soberón and Llorente, 1993; Longino and Colwell, 1997) by estimating the potential number of unreported species and key concepts (Palmer, 1990; Colwell and Coddington, 1994). Accumulation curves were calculated using the specaccum tool and the number of unreported species and key concepts was estimated with the specpool tool, both in the vegan package with R (Oksanen et al., 2019).

Generalized linear models (GLMs) were used to assess overall temporal trends in the conservation status of each of the fish stocks by including the fishing experience of recreational fishers as independent variables. GLMs, and Generalized Linear Mixed-Effects Models (GLMMs) to account for correlation in the perceptions provided by each fisher, were used to identify cognitive baselines in the fishers’ perceptions because it was expected that very experienced fishers would perceive larger changes on fish stocks than less experienced fishers (Beaudreau and Levin, 2014). GLMs and GLMMs were also used to assess if perceived changes in fish stocks varied among individuals with different motivations. Different error structures and link functions were assessed, and the best models selected based on an appropriate error structure and Akaike’s information criterion (Akaike, 1973).



Comparison Between Interviews and Biological Data

The level of agreement between interview-derived and biological trends was assessed where possible for the identified target species. Multidecadal time series of commercial landings (1997–2018) were accessible for some species from the government Pesca de Galicia website3 (Xunta de Galicia, 2019). Temporal trends in the landings of the fish stocks targeted by the interviewed recreational fishers were assessed using GLMs. These were compared against the percentage difference in mean annual landings between the first five and the last 5 years of the available commercial time series to assess population trends.

Long-term data on fish size and abundance of some identified target species were obtained from Pita and Freire (2014) and Alonso-Fernández et al. (2019). In all cases, population trends by species obtained from different sources were normalized to the interview-derived scale (from −2 to 2). The two morphotypes of ballan wrasse Labrus bergylta (Ascanius, 1767; Almada et al., 2016; Quintela et al., 2016), pinto (spotted and reddish) and maragota (plain greenish or brown) (sensu Villegas-Ríos et al., 2013) were treated separately when possible.



RESULTS


Temporal Trends in Fish Stocks

Recreational fishers’ perception of the temporal trends in the conservation status of the fish stocks they target was in general negative (mean −1.3 ± 0.8, in a scale between −2 and 2). The greater the experience of the fishers, the worse the perceptions about the status of fish stocks (p = 0.004, R2 = 0.130) (Figure 1). Of the 13 reported species, fishers were mainly concerned about the current conservation status of cephalopods like common octopus Octopus vulgaris (Cuvier, 1797) (mean −2.0 ± 0.0), common squid Loligo vulgaris (Lamarck, 1798) (mean −2.0 ± 0.0) and common cuttlefish Sepia officinalis (Linnaeus, 1758) (mean −1.7 ± 0.8; Table 2). Some fishers explained that catches on cephalopods are highly variable, depending on the season, day and area. This was represented by frequent usage of interconnected words like “cycles,” “sea floor,” “tide,” “variable,” and “year (Supplementary Figures S5–S7). However, there was a common sentiment that abundances of cephalopods had severely declined over time. For example, one boat angler stated “The last cuttlefish season was the worst ever. It was disastrous. Year after year, catches are decreasing” (Participant 4).
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FIGURE 1. Effect of the experience of recreational fishers on the perceived conservation status of fish stocks (from –2 meaning very negative to 2 meaning very positive). Predictions (thick lines), 95% confidence interval (thin lines) and observations (dots) estimated by GLM are showed. P-values and goodness of fit of the model (R2) are also showed. Only frequently targeted species, identified by more than 20% of the fishers, were included in the results by species.



TABLE 2. Comparison between temporal changes in perceived conservation status of fish stocks targeted by recreational fishers (from −2 meaning very negative to 2 meaning very positive) and temporal trends for the same species in commercial landings [abundance (Alonso-Fernández et al., 2019) and size (Pita and Freire, 2014)].

[image: Table 2]For finfish, the most negative perceptions corresponded to the ballan wrasse pinto variety’s conservation status (mean −1.6 ± 0.7; Table 2). Most agreed that pinto was far less abundant and smaller today than when they started fishing. Words like “kilograms” and “weight” were used regularly and related to this negative perception (Supplementary Figure S3). One spear fisher (Participant 10) commented “You must look for them in deeper waters” and added that “in the past, pintos were often very large, and quite easily you caught pintos weighing three kilos. Nowadays pintos exceeding two kilos are an impressive catch.” Black seabream Spondyliosoma cantharus (Linnaeus, 1758) were also perceived to have shown serious temporal declines (mean −1.3 ± 1.2; Table 2). Catches were quite dependent on local conditions, varying between seasons, so “currents,” “tides,” and “year” were frequently used words (Supplementary Figure S4).

The words “big” and “past” (Supplementary Figure S10) were closely related to negative trends (mean −1.3 ± 0.8; Table 2) in the perceived status of white seabream Diplodus vulgaris (Geoffroy Saint-Hilaire, 1817). One boat angler commented that “in the past you sailed 500 meters and caught some. Nowadays you must travel a lot” (Participant 7). A severe decrease in the average size of white seabream was also explained by one spear fisher (Participant 14), who stated that “my father used to catch huge white seabreams; and when I started fishing, sometimes I caught some good ones, but they were never that big.”

Atlantic horse mackerel Trachurus trachurus (Linnaeus, 1758), Atlantic mackerel Scomber scombrus (Linnaeus, 1758), blackspot seabream Pagellus bogaraveo (Brünnich, 1768), European conger Conger conger (Linnaeus, 1758), and pouting Trisopterus luscus (Linnaeus, 1758) showed moderate negative trends (between −1.2 ± 0.8 and −1.0 ± 1.0; Table 2).

Less concern was shown about the status of the European seabass Dicentrarchus labrax (Linnaeus, 1758) and maragota (mean −0.9 ± 0.8 and −0.6 ± 1.2, respectively; Table 2). Words like “few,” “quantity,” and “year” were used by fishers raising greatest concerns about the state of the European seabass stock (Supplementary Figure S8). However, other fishers explained that this species is still seasonally abundant in the correct habitat, using words like “good,” “more,” “places,” and “same” (Supplementary Figure S8). One spear fisher commented that “they changed the place where I used to find them before. (…) You evolve in your way of fishing; you buy a boat and you can move around, and in the end, you can still find them. Maybe in deeper water, or in more difficult places, but I still catch big seabass” (Participant 1).

Maragota was the only fish that showed some positive perception about the status of the stock (14% of observations; Figure 1). One spear fisher commented that “it has conquered part of the territory of the pintos, or at least I was used to see more pintos and less maragotas” (Participant 1), while another explained “now you see big maragotas quite often. It has increased in size and quantity because it does not have the same commercial value [than pinto] and it is not targeted by any [commercial fishing] gear” (Participant 10). Frequent words like “big,” “more,” and “size” were related with these positive perceptions (Supplementary Figure S2).



Impacts on Marine Ecosystems

Overfishing and habitat loss were reported 35.7% of the interviews (Figure 2A) and were the main perceived impacts on marine ecosystems. “Commercial,” “boats,” “week,” and “weekends” were frequently linked to the fact that commercial boats operate most days, whereas recreational fishers are limited to weekends. The higher fishing effort exerted by commercial boats was one reason used by recreational fishers to suggest that commercial fisheries had severely impacted fish stocks and ecosystems, while the perceived impact of the recreational sector was limited (Supplementary Figure S11).
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FIGURE 2. Impacts on ecosystems (A) and individual motivations (B) reported by recreational fishers.


Many recreational fishers complained about the negative impacts of commercial fisheries, especially trawling. For example, “There are some commercial boats trawling in shallow waters, and that kill everything” (Participant 3) and “the commercial boats are trawling close to the shores, some of them even pass the gears under the mussel rafts in the estuaries” (Participant 7). Participant 8 explained that overexploitation occurred because the continental shelf is narrow and many commercial fishing boats operate. He also highlighted technical improvements in commercial fishing had important effects on fish stocks: “before the hydraulic haulers, the nets had to be pushed onboard by hand; now they use several nets in one haul. This have killed a lot.” Illegal practices like unreported landings and lack of compliance with regulations regarding temporary and spatial closures were also identified by some fishers. “If we do not comply with the regulations, how we will know if they are effective or not?” was argued.

Many recreational fishers claimed that their own impact on fish stocks is very low, compared to commercial fishing. “One single hook does not harm the sea at all” (Participant 3), or “you go fishing on the weekends (…), and it is true that we are many, yes, but we are not the reason why the species do not come anymore” (Participant 7). However, some concerns about the impacts of the recreational sector were also shared: “there are many retired commercial [fishers] who sell illegally their catches, and they go fishing absolutely every day of the year. They disguise themselves as recreational fishers when they really are not” (Participant 6).

Severe declines in the presence of algae, especially Laminaria kelp beds, were repeatedly stressed by recreational fishers as the main habitat loss for fish. Frequent words like “aforetime,” “algae,” and “Laminaria,” alongside “less” were related to this impact (Supplementary Figure S11). Spear fishers were especially informed about this issue, with one stating “I believe that what is impacting the volume of fish and their sizes in the ecosystems most is the absence of Laminaria. Some stones were covered in the past by Laminaria and mussels, and nowadays they are clean (…), and the fishes do not stop at those stones anymore. If you go to other stones where Laminaria and mussels still grow, you have the fish there. In many areas of the coast the laminaria has disappeared” (Participant 10). Ocean warming, lack of food availability (reported each in 21.4% of the interviews) and pollution (14.3%) were also perceived as relevant impacts (Figure 2A). One of the fishers commented that the synergistic effects of these impacts could explain the lack of kelp beds, amongst other impacts on biodiversity: “This is the trend; industrial effluent, even when the pipelines discharge far away (…), and the municipalities discharges, and changes in the climate and the currents, all impact on the algae and the sand hoppers at the beaches. There can be no fish because it has neither shelter nor food” (Participant 9).



Changes in Fishing Gears and Techniques

In the interviews the fishers reported relevant average improvements in fishing gears and techniques (1.21 ± 0.89). Frequent words like “bait,” “expensive,” “line,” “reel,” and “rod” were related to improvements reported by anglers (Supplementary Figure S12). One commented that “people who have more free time, that go fishing more often, and have more disposable income are the ones that try new gear” (Participant 6). In addition to a general trend toward smaller hooks and thinner lines, anglers also identified improvements in artificial baits. One experienced angler explained that “in the past I used to make my own lures with corn leaves; nowadays commercially made lures are available to target surface, medium and deep waters” (Participant 7).

Important improvements in fishing boats and onboard equipment were reported by some anglers. One boat angler commented that “today there are fast boats and you go where you want (.), in the past you had to know where you were; now we have GPS navigation systems, you push the little button and that’s it. Nowadays anyone can catch fish. Fishing is quite easy now” (Participant 7). Some anglers complained about the excessive use of technology by modern recreational anglers “I enjoy traditional fishing. I go bottom fishing with hand line, and I raise the fish with my bare hands. There are people fishing with four electric reels. In my mind you practice sport fishing because you don’t make a living from it; I believe that recreational fishing must be less artificial,” explained one of these anglers (Participant 6).

Major improvements in wetsuits, fins and spearguns were identified by the spear fishers by using words like “carbon,” “fins,” “rubber,” “speargun” or “[wet]suit” (Supplementary Figure S13). One spear fisher commented “the thermal protection offered by today’s wetsuits is well above those of twenty years ago; now you can stay five hours in the water while in the past in the first hour you were freezing” (Participant 10). “When I started fishing my wetsuit had interior lining and right now we use ‘chewing gum’ wetsuits, with no lining, and you can fish for longer at lower temperatures (…), you don’t feel wearing a wetsuit” (Participant 1). In relation to fins, one spear fisher explained that “we have gone from fishing with rubber fins to carbon fiber fins, which require much less physical effort to move in the water” (Participant 10). “In the beginning only two or three people had carbon fins and they were very difficult to obtain,” remembered another spear fisher (Participant 2). Many spearguns are now made of carbon and use bands rather than compressed gas, making them more precise and ergonomic. “When I started fishing, they were all compressed air. They made a lot of noise and tore the fish apart. Nowadays with the rubber ones with thin shafts, you hit them in the head and they die; so they are much more reliable” (Participant 14). Improvements in on-board electronic equipment was also noted (Participant 2), in terms of travel times and finding bait fish. However, one spearfisher highlighted the importance of fishing technique: “How smart you are when waiting underwater looking for the right time to make the shot is what ultimately affects your fishing” (Participant 1).



Access Motivations to the Recreational Fishery

Family traditions in recreational and/or commercial fisheries was the main motivation for fishing, being reported in half of the interviews (Figure 2B). Fishers following family traditions to access the recreational fishery showed the worst perceptions of the conservation status of fish stocks (Figure 3). Paired comparisons were significatively lower than fishers motivated by eating fish (p = 0.017), relaxing (p = 0.012) and enjoying sport and physical activity (p = 0.041; Figure 3). The frequent use of “father” together with “always” and “sea” was the key concept linked to this motivation (Supplementary Figure S14). Many of the fishers explained that living close to the coastline with family and friends engaged in commercial fishing was an important driver for starting to fish recreationally. “I am from a coastal city and I am a son of a sailor, my father had a little ardora [pilchard] boat, and I sometimes helped him with the fishing gears” (Participant 7). Having a father engaged in recreational fishing was also an important motivation, with one spear fisher stating: “My father was a spear fisher and he used to go with my older brothers. Since I was five years old, if the sea was good, I went with him. (…) If your father has this hobby, and you like it, then you follow it” (Participant 14).
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FIGURE 3. Conservation status of fish stocks (from –2 meaning very negative to 2 meaning very positive) perceived by recreational fishers with different motivations for fishing. The top and bottom of the boxes correspond to the first and third quartiles of the data, the whiskers extend to 1.5 times the interquartile range and the median is indicated with a thick horizontal line. P-values of the paired t-tests estimated by GLM between fishers motived by family traditions and other motivations are also shown.


Building social relationships and enjoying social recognition was another relevant motivation to access the recreational fishery (35.7% of interviews; Figure 2B). Fishers used words like “family” and “people” in the interviews to refer to this motivation (S4_Acceso). “When I arrive home or at meals with friends, this gives me a certain level, a status that I would not have otherwise, and I feel fulfilled” (Participant 1). Fishing was related with relaxation and spiritual peace in 28.6% of the interviews (Figure 2B), using words like “happy” or “hobby.” Spear fishers in particular highlighted this motivation: “Spear fishing creates an emotional and psychological balance” (Participant 2) and “the sea gives me peace out of the ordinary. I believe that it is because it isolates you from everything” (Participant 1). This motivation was also important for some anglers: “Because of my work I am on the road for long; and the sea relaxes me a lot” (Participant 6).

Fish consumption was an important motivation and was linked to frequently used words like “eat” or “fresh” (Supplementary Figure S14) and was reported in 21.4% of the interviews (Figure 2B). “I love fresh fish,” stated one angler (Participant 6). Some fishers valued the sport and the benefits derived from the physical activity (14.3% of the interviews; Figure 2B). Spear fishers were particularly inclined to use words like “capacity,” “fit,” “physical” or “sport,” when asked about their motivations (Supplementary Figure S14). “Being underwater fighting with the faculties that we have as humans is so great. (.). Spear fishing is one of the most physical demanding sports” (Participant 10).

Catching fish and enjoying contact with wild nature were the less relevant motivations for recreational fishers (reported in 7.1% of the interviews; Figure 2B). In this sense, one angler commented that the fishing activity itself gave him deep satisfaction (Participant 6) and one spear fisher explained that “you are in a strange environment, but you have the ability to learn about the habitat of each species. Each species has its own way of fishing that you learn paying attention to their behavior; when do they spawn, why they go deeper at certain periods of the year, when do they get closer to shore…, it is such a wonderful world and we still do not know so much about it” (Participant 10).



Comparison Between Interviews and Biological Data

Commercial landings of many of the fish stocks targeted by recreational fishers have decreased in the last two decades (Figure 4). Differences in annual landings between the first and the last years of the available time series were negative in the case of Atlantic horse mackerel, Atlantic mackerel, blackspot seabream, common octopus, common squid, European conger and pouting (ranging from −1.7 to −0.02 on a normalized scale between −2 and 2). Commercial landings have been growing in the case of ballan wrasse, black seabream, common cuttlefish, European seabass and white seabream (ranging from 0.6 to 1.4; Table 2).
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FIGURE 4. Temporal trends in annual commercial landings in Galician ports of main species targeted by recreational fishers (1997–2018). Predictions (thick lines) and 95% confidence interval (thin lines) of the partial effect of the year on the landings estimated by GLM are showed in gray color. P-values and goodness of fit of the models (R2) are also shown.


Pita and Freire (2014) compiled recreational fishing competitions data between 1967 and 2008. This was used to estimate relevant decreases in the sizes of European conger, European seabass, maragota, pinto and white seabream, that ranged from −1.5 to −0.5 (Table 2). Alonso-Fernández et al. (2019) used data from independent observers on board commercial vessels between 2000 and 2016 and reported little decreases in relative abundances of common cuttlefish, common squid, European conger, European seabass and pouting, ranging from −0.08 to −0.002. Abundances of ballan wrasse, common octopus and white seabream showed minor increases between 0.01 and 0.07 (Table 2).



DISCUSSION

Perceived conservation status of fish communities showed an inversely proportional relationship with the experience of the interviewed fishers in this study. This finding is similar to a growing body of literature (Sáenz-Arroyo et al., 2005; Ainsworth et al., 2008; Beaudreau and Levin, 2014) that supports empirically the “shifting baseline syndrome” (Pauly, 1995). However, this interpretation should be treated with caution as suggested by Beaudreau and Levin (2014) because fishers tend to overestimate their effort and catches with long recall periods (Hiett and Worrall, 1977; Pollock et al., 1994; Daw, 2010). Fishers were asked to look at pictures of old and recent fishing trips before the interviews to minimize the potential influence of recall bias.

Other cognitive processes can modulate people’s perceptions of natural environments, especially when facing challenging issues (Balcetis and Dunning, 2007). For example, the relatively stable perception on the conservation status of the maragota stock could have been affected by the comparisons that many fishers made with pinto’s status. Participant 1 explained that he had seen more pinto than maragota in the past and fishers perceived a marked decrease in pinto, so this could have masked the negative trend for maragota. The changes in the relative abundances of the two morphotypes found in the study is of concern and should be investigated further to ensure conservation of ballan wrasse.

There were limited time series of biological data being available to make a rigorous comparisons with trends in fish conservation status derived from interviews. However, concordance with the available temporal trends in abundances, fish sizes and commercial landings corroborates the use of FEK as an alternative source of long-term information for data-poor situations (see e.g., Zukowski et al., 2011; Beaudreau and Levin, 2014; Thurstan et al., 2015a). In this sense, progressive reduction in the conservation status of fish stocks perceived by the recreational fishers was supported by decreases up to 76% in body size of European conger, European seabass, maragota, pinto and white seabream estimated by Pita and Freire (2014) in the last 50 years (Table 2). Changes in conservation status were also similar for several fish stocks to abundance trends estimated by Alonso-Fernández et al. (2019). The smaller time series analyzed by Alonso-Fernández et al. (2019) (16 years) than that in this study (up to 50 years) could explain the lower decreases that they found, and even the small increases shown for ballan wrasse, common octopus and white seabream (Table 2). Furthermore, fishery-dependent data derived from onboard programs could be hyper-stable, because many factors influence to levels of landing beyond simply the status of the stock (Maunder et al., 2006; Kleiber and Maunder, 2008). For instance, skippers acquire better materials and new skills as their fishing experience increases, changing their behavior (e.g., opening new fishing grounds and abandoning unproductive or unprofitable ones) (Hilborn et al., 1995; Walters, 2003; Ahrens and Walters, 2005).

In a similar way, some of the decreases in the conservation status of fish stocks showed in this study could also be hyper-stable, masking negative trends. As explained by the fishers in the interviews (e.g., participants 1, 7, and 10) and in other studies (e.g., Olson and Cunningham, 1989), fishers are continuously searching for new fishing places, further from the coast and/or deeper water, evolving to adapt to eventual lower abundances to keep their catches stable. Furthermore, improvements in fishing equipment in recent years (see e.g., Young et al., 2015) highlighted in the interviews could also have increased the fishery catchability, masking perceived trends in conservation status. However, as suggested by Pita and Freire (2014), although the changes in conservation status shown in this study might not be fully accurate, these estimates are valuable conservative proxies of long-term alterations in the fish stocks.

The improvements in the monitoring, reporting, enforcement and control of commercial fisheries in the last decade could have also hyper-stabilize some trends in commercial landings (Villasante et al., 2016). In spite of a reduction in the fisheries effort (Alonso-Fernández et al., 2019; Pita et al., 2019), technical operational improvements (e.g., hydraulic haulers) could have also have an impact on commercial landings. Nevertheless, trends in commercial catches are in general consistent with recreational fishers’ perceptions about declines in stocks. Commercial fisheries should be showing signs of depletion for some of the stocks observed here. With the exception of Atlantic horse mackerel (ICES, 2018c), this view is supported by the need for conservation measures in the relevant areas for species under European catch management [i.e., Atlantic mackerel (ICES, 2019) and blackspot seabream (ICES, 2018a)]. This assessment highlights the need for assessment and management of a broader set of stocks in Galicia at European level. European seabass has been assessed in Biscay and biomass has been declining (ICES, 2018b). The growing market demand for species like ballan wrasse, common cuttlefish, European seabass and white seabream could also increase targeting by commercial fishers despite declines in their populations. As a result, it is vital to obtain detailed and reliable monitoring of the abundance and catches of all the species that are targeted by recreational or commercial fishing to ensure sustainable exploitation of the stocks.

One of the challenges of using FEK to assess long-term changes in the conservation status of ecosystems has been an inability to integrate fishers’ perceptions on trends of fish stocks with environmental impacts. Perceptions of the impacts driving changes in ecosystems differ both within and between user groups (Eden and Bear, 2011a). For example, recreational anglers are the main resource users in European freshwater ecosystems (Arlinghaus et al., 2019a), where inland commercial fisheries are virtually absent (Boisneau et al., 2016). Freshwater anglers perceive that healthy ecosystems include human interventions like stocking as acceptable or even desirable practices (Eden and Bear, 2012). Conversely in marine ecosystems, recreational fishers can be less powerful than the commercial sector and the potential interventions are very limited. Therefore, their perceptions of impacts on ecosystems tend to be similar to scientists and fisheries managers (Beaudreau and Levin, 2014). It is therefore not surprising that fishers interviewed in this study identified overfishing and habitat loss as the main threats to marine ecosystems, in concordance with mainstream science (Jackson et al., 2001). Although most fishers stressed that commercial fisheries are primarily responsible for overfishing, other (e.g., Participant 6) also recognized their role and responsibility (Hyder et al., 2018; Pita et al., 2018b; Radford et al., 2018).

Fishers born in coastal populations, following family traditions of commercial and/or recreational fisheries evidenced higher sensitivity toward changes in ecosystems than other groups of fishers. These “traditional fishers” are more aware of the impacts that can alter their traditional way of life because they play a role in the socioecological legacy of the community. Therefore, it is recommended that future studies of fish abundance using FEK also analyze impacts on ecosystems using inputs from different resource users, including those more prone to protect natural and cultural community heritage. Identifying these “traditional fishers” is important because social and emotional components of access motivations evidenced by Galician fishers seem more relevant than that shown in other regions, where reconnection with natural environments (Walsh et al., 1989; Snyder, 2007; Eden and Bear, 2011b) and fishing for food are stronger motivations for recreational fisheries (Cooke et al., 2017).

Ocean warming, biodiversity loss and pollution are global threats to ocean conservation that fishers also identified (Jackson, 2008). However, it is important to highlight that fishers identified the decrease in kelp beds as one of the major impacts on marine ecosystems. Kelp beds are structural and ecological complex habitats (Teagle et al., 2017) distributed in worldwide cold and temperate waters (Dayton, 1985). These ecosystems provide shelter and food for many marine animals, increase primary production and genetic diversity, regulate climate by capturing and storing carbon, recycle essential nutrients, keep water quality and protect against storms (Steneck et al., 2002; Smale et al., 2013). Kelp beds are therefore important sources of commercial, recreational and cultural resources (Harvey et al., 2001; Bennett et al., 2016). However, they are highly vulnerable to direct human impacts (Pérez-Matus et al., 2017) and global warming (Wernberg et al., 2010; Harley et al., 2012; Provost et al., 2017). Kelps create key habitats in temperate rocky reefs around the world, including Galicia (Pita et al., 2018a). Kelps are especially vulnerable to impacts in this region because it is located at their southern distribution limit (Flores-Moya, 2012; Tuya et al., 2012; Voerman et al., 2013). Participant 9 explained that ocean warming and land-based pollution are the main drivers of kelp reduction. This was consistent with the progressive weakening of the coastal upwelling in Galicia (Bode et al., 2009) that introduces the cold water and nutrients needed for critical life stages of kelps (Alvarez et al., 2012), and with studies that link wastewater treatment plants with impacts on kelp beds (Connell et al., 2008). Fishers’ perceptions on the negative trends of kelps are a first wake-up call about the important consequences of a reduction of kelp beds on the sustainability of coastal ecosystems and on the services provided by them (Krumhansl et al., 2016). Ballan wrasse is a key species in kelp beds because it controls sea urchin populations (Pita and Freire, 2017) preventing regime shifts due to overgrazing (Ling et al., 2015). Thus, decreases in the abundances of ballan wrasse showed in this study, together with the increase in the direct exploitation of kelps by humans (Pita et al., 2019), could cause abrupt changes in coastal ecosystems. Careful assessment of the conservation state of ballan wrasse and kelp exploitation is recommended to develop adaptive, responsible management of coastal ecosystems.



CONCLUSION

The results of this study are limited by the sample size and range of demographics, in this case middle-aged fishers. Furthermore, experienced fishers that are highly engaged in the recreational fishery have been recruited. Thus, this study would not capture potentially lower levels of awareness of young and/or less avid fishers of the state of fish stocks and ecosystems. However, this does not detract from the outcomes of this study, since it is not intended to generalize these results to the entire population of recreational fishers. Moreover, the number of new concepts and/or results associated with each additional interview tends to diminish after a relatively small number of interviews (Morgan, 2002; Tashakkori and Teddlie, 2010; Green and Thorogood, 2013; Ritchie et al., 2013). In this study, theoretical saturation was reached in the identification of main target species and in the groupings of key changes in marine ecosystems and access motivations (Supplementary Figure S15). In addition, the findings of this study are consistent with available biological data and with similar studies using FEK in other regions. Therefore, despite direct regulatory guidance derived from this study being limited, the validity of recreational FEK to assess changes on the conservation status of fish stocks and ecosystems in data-poor situations has been demonstrated, offering a potential methodology to be further developed in the future.

The perceptions of experienced fishers generated key information on long-term ecological impacts that will support conservation of ecosystems and reduce the impact of the “shifting baseline syndrome” (Pauly, 1995). Fishers following family traditions in commercial and/or recreational fisheries were identified as key informants to detect impacts on natural and cultural community heritage, so must be included in FEK studies. Most fish stocks in this study were perceived to be declining that was driven by overfishing, habitat and biodiversity losses, pollution and ocean warming. The poor status of ballan wrasse and kelp beds was identified, which was of concern due to representing key species in coastal ecosystems. Use of FEK is a good approach to develop knowledge of these systems, but broader monitoring programs are needed to protect the future of these ecosystems.
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FOOTNOTES

1Competitive spearfishers invest a considerable amount of time in physical training and fishing (Pita and Freire, 2016). Since roughly 500 spear fishers participate in competitions in the area, it is estimated that approximately 0.8% of competitive spearfishers were included in the study.

2Apart of their fishing activity, interviewed anglers have been involved in the management of their fishing clubs, investing a considerable amount of their personal time in different aspects of the fishery. Approximately, it is estimated that it was interviewed 20–30% of the chairs of the angling clubs of the area.

3
http://www.pescadegalicia.gal
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