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ARTICLE INFO ABSTRACT

Keywords: Fishing is a widely popular activity that provides an opportunity for laymen to collect reliable
Ethnobiology ecological data. It is now recognized that recreational fishers possess valuable ecological
Anglers

knowledge (recreational FEK) that can significantly enhance our understanding of nature, and
prioritizing nature conservational tasks. This literature review focuses exclusively on the
ecological knowledge of recreational fishers, their perceptions of nature, and the potential for co-
production of knowledge through citizen science programs. By conducting literature searches in
Google Scholar and Web of Science, we have analysed published articles and evaluated the
contributions of recreational anglers and spearfishers to conservation and other ecologically
relevant fields. We reviewed a total of 81 studies from five continents, including 22 studies that
examined other stakeholder groups, predominantly commercial fishers. Our findings suggest that
the mapping of recreational fishers’ knowledge presents an opportunity to gain a better under-
standing of aquatic habitats and wetlands. Their factual observations and perceptions can also
provide essential data for species conservation and habitat management, and can help establish
citizen science projects for marine and freshwater ecosystems worldwide.

Citizen science

1. Introduction

Traditional and local ecological knowledge (TEK and LEK) have gained significant attention in recent years. In general, ecological
knowledge refers to all kind of knowledge about nature, including organisms (animals and plants), ecosystems and ecological in-
teractions, held by local people who interact with and use natural resources (Berkes, 2017). It can be seen as a
knowledge-practice-belief complex, therefore it contains factual information and understanding, as well as subjective and individual
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interpretations (perceptions). These fields of science combine knowledge obtained from ecology and ethnography. Research has shown
that TEK and LEK from different stakeholders can be a valuable tool for effective biodiversity conservation and management in various
habitats worldwide (Fraser et al., 2006; Nelson and Shilling, 2018; Aswani et al., 2018; Joa et al., 2018). This is especially important in
the case of marine and freshwater ecosystems, which are among the most threatened ecosystems, and upon which human well-being is
highly dependent (Millennium Ecosystem Assessment, 2005).

Recreational fishing is a popular activity worldwide (Arlinghaus and Cooke, 2009), it has led to several interconnections between
fishers’ LEK and the way they use habitats (Garavito-Bermiidez and Lundholm, 2017). Similarly to traditional fishers, commercial
fishers’ ecological knowledge can be used for scientific purposes. They can contribute to fish ecology and fisheries management
(Silvano and Valbo-Jgrgensen, 2008), provide data on the ethnoecology of important fish species (Silvano and Begossi, 2005), detect
ecological decay in an ecosystem (Veneroni and Fernandes, 2021), and even help to identify specialized topics such as environmental
changes and fish abundance trends (Hallwass et al., 2013).

Despite all their valuable assistance, the ability of recreational fishers to provide ecological data has been debated, as scientists still
often mistrust the reliability of their information (Griffiths et al., 2007; Harris et al., 2009). Specialists also tend to over- or under-
estimate the damage caused by recreational fishers in different ecosystems (Lewin et al., 2021). This may be attributed to the
comprehensive nature of TEK, as it encompasses both objective and subjective forms of understanding. Additionally, their high fishing
activity and extensive catch have contributed to the formation of decades old stereotypes that portray them in an exploitative image,
which is often accompanied by the assumption that this is primarily driven by their ignorance (Pratt, 1977; Wine, 1980). These issues
led to cautious and mixed opinion among scientists, indeed there is still no consensus on some elements of the real biological impact of
recreational fishing (Lewin et al., 2006), as published scientific papers are often contradictory in terms of the amount of fish caught
both regionally and globally. According to the very few recent articles investigating the topic, the potential contribution of angling is
probably somewhere between 12% and 19% of the global fish harvest (Cooke and Cowx, 2004; Galbraith et al., 2017).

In the last couple of decades scientists argued that evaluation of recreational fishers’ ecological knowledge (hereafter recreational
FEK) can significantly contribute to learning more about nature (Ainsworth and Pitcher, 2005). Numerous studies, conducted
worldwide, recently have highlighted that recreational FEK can be efficiently used for better understanding of the sustainable man-
agement of both marine and freshwater habitats (Granek et al., 2008), to reconstruct trends in fish abundances (Colloca et al., 2020),
conserve fish populations (Cooke et al., 2016; Shiffman et al., 2014), ecological monitoring for the early detection of species (Pecl
et al., 2019), improve sustainable management of local freshwaters (Mamun, 2007; Johannes et al., 2000) and it also represents a
practical tool for ecosystem-based fisheries management (Leite and Gasalla, 2013). Although recreational fishing has impacts on fish
populations and ecosystems, the overall outcomes are not necessarily negative. Despite they might have a significant contribution to
habitat exploitation, alteration, introduction and transport/dispersal of non-native species, they also provide conservation services
through their activities (Cooke et al., 2015), while traditionally, recreational fishers have been even key guardians of aquatic eco-
systems (Arlinghaus et al., 2021).

Ecological awareness among anglers, however, is growing, and there is a strong desire to engage the recreational fishing com-
munity in water ecosystem conservation (Hind, 2015; Zukowski et al., 2011; Beaudreau and Levin, 2014; Font and Lloret, 2014).
Studies also prove that observations made during recreational fishing can be important for habitat or biodiversity conservation (Adams
and Murchie, 2015; Copeland et al., 2017; Tufts et al., 2015). Despite all of the above, the number of studies evaluating the importance
of recreational FEK still seems to be limited.

To raise awareness of recreational fishers’ ecological knowledge, our study had two aims: (i) to conduct a literature review of
studies that primarily or at least partially investigated recreational FEK; and (ii) to develop recommendations for further research on
recreational FEK, which includes exploring new digital approaches (ii/a) and establishing citizen science projects (ii/b) that could
potentially involve recreational fishers in the future.

2. Materials and methods

We conducted a literature review to collect published articles on recreational fishers’ ecological knowledge in marine and fresh-
water ecosystems. Our focus was limited to recreational fishers, excluding the LEK of commercial fishers and the TEK of artisanal
fishers, or other recreational users of such ecosystems (free divers, beachgoers, etc.) However, we included papers that negotiated both
commercial and recreational fishers in the same study and ecologically relevant data provided by recreational charter captains. In
addition to original research papers, we also included undergraduate theses, doctoral dissertations, and scientific reports published in
English, as well as citizen science studies of recreational fishers, where relevant elements of ecological knowledge were presented. It
should be noted that non-electronic sources or non-English literature were not included in the review.

We performed a classic literature review during our work, utilizing Google Scholar and Web of Science for online searches. First, we
used the keywords ‘recreational fishers’ AND ‘ecological knowledge’ in Google Scholar, which returned 1030 hits (papers published
before December 2021). Second, we performed a further search using the keywords ‘local ecological knowledge’ AND ‘recreational
fishers’ OR ‘anglers’, which returned 852 hits. We repeated our searches in Web of Science with the same keywords resulting 3950 and
47 hits, respectively. All hits were screened by title and abstract of the first two and the last searches, while the first 1000 of the third
search were screened. Altogether 2929 papers were investigated, and non-relevant papers were discarded after content analysis by title
and abstract screening. In total, 95 of them were found to be relevant to our review. After reading the relevant studies, another 27
papers were discarded based on their content. Furthermore, we added 13 papers to our list after looking through the reference lists of
the remaining studies, resulting a review of 81 papers.
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3. Results and discussion
3.1. Trend of publications and the engagement ratio of recreational fishers

The number of studies on recreational FEK has significantly increased in recent years (Fig. 1). However, we found relatively few
papers entirely dedicated to analysing recreational FEK compared to studies on FEK as a whole. Of the 81 relevant studies, 61 were
original research papers, 9 were reviews, 4 were scientific reports, 3 were doctoral dissertations, and 4 were MSc theses. Among studies
that contained relevant ecological knowledge, we reviewed 53 in detail. Of these, 31 original research papers exclusively focused on
recreational fishers, while 22 studies evaluated other stakeholders, mainly commercial fishers.

The number of fishers involved (including online methods) varied between 14 and 5646 (median: 158) in studies that only engaged
recreational fishers, but from 7 to 84 (6-90 % of the total interviews, median: 45 %) in studies that evaluated other stakeholders as
well. A total of 12 studies exclusively used online questionnaires, video sharing platforms or social media, of which 8 papers conducted
through questionnaires or interviews. For the summarized engagement ratio of recreational fishers in the reviewed studies, see also
Table 1.

Studies were available from 12 countries in 5 continents, while a total of 10 studies being performed in multiple continents, and 3 in
Europe but in multiple countries (Fig. 2). The first authors of most publications belonged to Europe (n = 20, 36 %), North America
(n =19, 35 %), and Australia (n = 12, 22 %). Only a few publications were published in Asia (n = 2, 4 %) and South America (n = 2, 4
%), and none of the reviewed papers found in Africa (Fig. 3a). Most of the available studies focused on the US (n = 19), and Australia
(n = 14) (Fig. 3b). In terms of research participations Asia, Africa and South America also underperformed, with only Turkey (n = 2),
Libya (n = 2), South Africa (n = 1), and Brazil (n = 2) participated (or managed) in studies (Fig. 3b).

3.2. Taxa, topics, and geographical focus

Of the 53 papers reviewed in detail, the majority (n = 44, 83%) were conducted in marine, with only 9 (17 %) focusing on
freshwater environments. Out of the 21 papers that evaluated recreational fishers’ knowledge, only one evaluated their knowledge of
flora, while the rest focused on fauna (Table 2). A total of 14 papers from five continents focused mostly on fishes, two studies
exclusively focused on the knowledge of non-native fauna, but many native animals, including decapods (Decapoda), jellyfishes, or in
one case, even perceptions of a sea lion species (Beaudreau and Levin, 2014) were also investigated. Other miscellaneous studies
included recreational fishers’ perceptions and mental models of habitat management and conservation (e.g., Raynal et al., 2020),
ecosystem models (e.g., Hunt et al., 2016), and monitoring of some marine and freshwater habitats (e.g., Palas et al., 2017). Two
studies (Dowiarz, 2021; Eden, 2012) investigated knowledge about catch composition, whilst two Australian studies (Li et al., 2010;
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Fig. 1. Number of the reviewed studies by years. Dots represent a trendline of the relevant papers.
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Table 1
Engagement ratio of recreational fishers in reviewed papers, which methodology includes
questionnaires or various interviews.

Ratio (%) Nr. of studies Online approach
1-50 % 13 -
51-99 % 6 2
100 % 31 6
not provided 3 -
total 53 8
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Fig. 2. Number and distribution of the reviewed studies by country.

Florisson, 2015) dealt with environmental education and possible citizen science methods that could engage recreational fishers.

3.3. Factual observations and experiences of recreational fishers

The primary application of recreational FEK is the data provided on observed species, especially fish. Commercial and recreational
fishers spend long time in the field, giving them a great chance of encountering many species (Silvano and Begossi, 2012). Therefore,
they can provide important occurrence and distribution data for both endangered and invasive species (Giovos et al., 2019; Minasidis
et al., 2020). This data can be collected through a variety of sources, including catch reports, logbooks, and other miscellaneous
sources, as well as the protocol for collecting LEK. By combining these sources, researchers and conservationists can reconstruct spatial
changes and fishing efforts of targeted species over long periods of time (Rehage et al., 2019; Santos et al., 2019). Experienced fishers
possess reliable species knowledge not only for fish but also for other aquatic biota. Furthermore, even if recreational fishers do not
refer to a species by its scientific name, they can use its local or ‘folk name’ and/or accurately describe its physical appearance,
behavior, and habitat requirements without naming the given organism (Loki et al., 2021). While the significance of such data is
indisputable, data obtained from interviews may contain biases and mistakes such as taxonomical issues; therefore, some authors
suggest that validation of these procedures is still essential (Poizat and Baran, 1997; Valbo-Jgrgensen and Poulsen, 2000).

3.3.1. Occurrence and distribution data of biological invasions
While recreational angling can serve as a vector for invasive species, (Anderson et al., 2014; Cerri et al., 2018; Olaussen and
Skonhoft, 2008), it can also provide valuable data on invasive species worldwide, including their occurrence, population dynamics,
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Fig. 3. Geographic distribution of the reviewed studies.

and distribution (Azzurro and Cerri, 2021; Ondes et al., 2018; Ozbek et al., 2017). Besides traditional sources (logbooks, catch reports),
such information can be collected through interviews, online questionnaires, or digital approaches, such as user-generated content on
social media platforms like Facebook, Twitter, and YouTube (Banha et al., 2015, 2017a,b; Giglio et al., 2020; Sbragaglia et al., 2020a,
b). Data mining from specific social media sources, such as forums and blogs, can also generate distribution and dispersal data.

3.3.2. Population trends

Statistics on angler catch rates and species composition have been widely used worldwide to monitor changes in the abundance of
commercially and recreationally important species (Thurstan et al., 2016; Rehage et al., 2019; Beaudreau and Levin, 2014; Chan et al.,
2019; Kroloff, 2016; Florisson, 2015; Quinn, 2018). Recreational FEK has proven to be a valuable tool for estimating historical
baselines of fish stocks (Frijlink and Lyle, 2013) and for co-evaluating species demographics, fishing methods, catch composition, and
perceptions of recreational fishers (Martinez-Escauriaza et al., 2020). Since current levels of wild fish and seafood catch are unsus-
tainable, data on population trends gain high importance in avoiding overexploitation (Lindenmayer and Likens, 2010). These issues
underscore the significance of reliable monitoring of population size, where data can originate from various sources, including the
local knowledge of anglers and other recreational fishers (Radinger et al., 2019). On this topic, Chan et al. (2019) emphasize the



Table 2

Papers grouped based on their content and geography. The values in parentheses represent the number of studies available for a given country.

Focus of research Nr. of studies Continents Countries (Nr. of studies)
Fauna Fishes 14 5 North America: US (5)
South America: Brazil (1)
Australia: Australia (2)
Asia: Turkey (2)
Europe: Norway (2), Cyprus & Greece (1), Italy & Croatia (1)
Alien fauna 2 1 Italy (2)
Decapoda 3 2 Australia (2), Canada (1)
Multi species 1 1 Us (1)
Sharks 1 2 Cyprus — Greece — Italy & Lybia (1)
Flora Freshwater plants 1 1 Hungary (1)
Miscellaneous Perceptions and mental modeling 12 6 US (7), Australia (2) Germany (1), Ireland (1), UK - Ireland — US & Australia (1)
Habitat management and conservation 6 6 Global (3), US (1), Belgium (1), Spain (1)
Ecosystem models 5 3 US (1), Australia (1), Portugal (1), Spain (1), Italy (1)
Monitoring 4 3 Australia (2), Spain (1), Brazil (1)
Catch composition 2 2 US (2), UK (2)
Citizen science methods 1 1 Australia (1)
Environmental education 1 1 Australia (1)
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importance of interviewing individuals with different types of expertize to achieve a proper estimation of population trends and
document environmental change. Frijlink and Lyle (2013) also suggest that while interviewees accurately perceived the direction of
abundance trends, they tend to overestimate their extent. Despite this bias, these studies highlight the value of integrating different
information and data sources for managing fish stocks, and such kind of information may provide researchers with a better under-
standing of historical stock trends (Rehage et al., 2019).

3.3.3. Ecology and biological traits

Recreational fishers are primarily interested in fishes and fish-related information, and as such, they can provide valuable
knowledge on environmental and ecological topics like feeding behavior, habitat requirements, and information on species’ migration
and reproduction habits. This information can help in better understanding of macro-ecological patterns (Palas et al., 2017; Sbragaglia
etal., 2021) as well as in assessing and conserving exploited species (Zukowski et al., 2018). Although Gray et al. (2015) reported that
while some anglers tend to oversimplify relationships among different ecological factors, more specialized anglers develop simple
heuristics to deal with complex ecological issues. Further, Dowiarz (2021) suggests that even life history traits and supplementary
information of fish species such as age, spawning composition, and geographical distribution can be investigated with the help of
experienced recreational fishers, which all praise the sharp eyes of them.

3.4. Perceptions of recreational fishers

In addition to the collection of factual information and understanding of recreational fishers, which includes direct catch records
and observational data, it is equally crucial to take into account their subjective opinions (i.e., perceptions). These subjective view-
points offer valuable insights into their impressions and opinions related to nature and the outdoor experiences they encounter. (Gray,
2010; Gray et al., 2015). The results of such studies can also be useful in identifying necessary conservation actions and issues (see also
Copeland et al., 2017).

3.4.1. Perceptions of fish stock size and fisheries management

While recreational fishers provide valuable information about salient or endangered species such as sea lions, dolphins, whales, sea
turtles, cephalopods and crabs (Cook et al., 2015; Obregon et al., 2019; Noble et al., 2020; Gallagher et al., 2015; Pita et al., 2018), they
focus mainly on fish. As fishers are mostly interested in fish stock size, their perceptions are mostly related to population trends and
distribution. Although the estimation of fish population size is often challenging, and can be uncertain (Pine et al., 2003), recreational
FEK can provide reliable data about the causes and consequences of declining catch rates (i.e. population size) and the effectiveness of
related legislation (Cook et al., 2015; Kroloff et al., 2019; Liu et al., 2019). Many fishers can estimate the level of overfishing, habitat
loss, and reduction in biodiversity, pollution, and stock trends caused by climate change. Anglers can provide perceptions of threats
and preferences for countermeasures that can be implemented in recovery plans, including threats that are not reported by others
(Sawchuk et al., 2015). Furthermore, personal knowledge of fish longevity and past fishing experience can be important predictors that
support conservation measures and willingness to take personal action in recovering fish populations (Grilli et al., 2019).

Recreational fishers’ opinions can be used not just to complement or optimize some management techniques, but also to highlight
key issues caused by improper fishing activities, such as illegal fish restocking (Cerri et al., 2018), or the dangerous effects of aban-
doned, lost, or discarded fishing gear (Deshpande et al., 2019). Measures and restrictions developed with their help, such as no-take
zones (as in Sutton and Tobin, 2009), move towards sustainable and stakeholder-friendly environmental management (Diogo et al.,
2020), which is a pledge for long-term sustainability.

3.4.2. Role of fishers’ perceptions in nature conservation

Local stakeholders can identify conservation priorities by relying on recreational fishers’ perceptions of iconic species and
ecosystem threats. This approach can also help to resolve doubts and general misalignments in species management, especially for
agile and migratory species, and to address misunderstandings of stakeholder perceptions of threats (Obregon et al., 2019; Noble et al.,
2020). For instance, Gallagher et al. (2015) found that anglers did not identify species-specific differences among sharks, but were able
to rank certain shark species as the most threatened, which is generally consistent with empirical data. Similarly, perceptions of
recreational anglers can help in clarifying public perception of invasive species, and it is required for both conservation and fisheries
management to mitigate the impacts of alien species (Anderson et al., 2014). Additionally, investigating recreational users’ percep-
tions of water quality and determining if their values and perceptions can complement bio-assessment surveys (see also Franks, 2013;
Ten Brink and Dalton, 2018). Finally, recreational fishers’ perceptions can be used to detect knowledge gaps between perceived and
actual habitat conditions, which can be further used by restoration ecologists.

Conservation actions often lead to conflict with other stakeholders, especially with recreational fishers. Public opposition towards
the management plans may block or delay the implementation of conservation policies and actions (Helvey, 2004). Therefore, finding
a common ground with stakeholders and setting up a win-win situation is critical. In this process, the ability of managers to generate
support from the recreational fishing community for conservation initiatives can be essential (Sutton and Tobin, 2009). Mapping their
attitudes can be important (1) to measure the level of recreational fishers’ support of conservation initiatives before taking any major
actions or restrictions (Sutton and Tobin, 2009; Voyer et al., 2014); (2) to improve ecosystem knowledge and sustainable fisheries
management (Maes et al., 2012; Copeland et al., 2017); or (3) to improve the behavior of recreational fishers to minimize their impact
on the marine fisheries (Gray et al., 2010, Li et al., 2010).
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4. Synthesis and suggestions for further research and applications

Recreational fishers sometimes spend more time in natural environments than scientists do, and they make detailed observations of
their surroundings, which could have important implications for conservation and management. The literature on recreational FEK
represents timely and ecologically relevant data, especially in an era when aquatic habitats are increasingly sensitive and significant.
According to the above, we believe that recreational fishers’ observations are essential and should be incorporated into the decision-
making processes for managing marine and freshwater ecosystems in the future. As Eden (2012) has noted, measuring and managing
water ecosystems inevitably entails measuring and managing the people who use them, which is especially evident in interdisciplinary
fields like recreational FEK. In the following subsections, we summarize the potential applications of this topic.

4.1. Research gaps in recreational FEK

The number of studies related to recreational fishers has been increasing, yet further development of this knowledge is necessary.
Our review highlights that there are few papers that focus exclusively on recreational FEK (e.g., Zukowski et al., 2011; Beaudreau and
Levin, 2014; see Table 1), with most publications combining and evaluating data from recreational and commercial fishers. Given their
larger numbers, varied aims, and types of activities, recreational fishers remain an underexplored source of information. Studies
dedicated exclusively to recreational FEK can help refine our understanding of species, habitats, trends, and more.

We found that publications have an overrepresentation of fish-related information (Table 2), with other organisms being of
marginal interest to recreational fishers. Knowledge gaps are partly due to uneven geographic representation: dominance of marine
environments and scarce information about developing countries. While recreational fishers possess extensive knowledge of fishes,
their ecological knowledge extends beyond this taxonomic group. Exploring other organisms including different species of mammals,
birds, insects, molluscs, or even plants in both marine and freshwater ecosystems with the help of recreational fishers is feasible and
recommended. Their observations of key indicator organisms — in accordance with the future challenges of the Water Framework
Directive — can contribute to the reliable evaluation of water conditions (Hering et al., 2010).

4.2. The role of recreational fishers’ perceptions in nature conservation

Our literature review confirms that, in addition to FEK, the perceptions of recreational fishers are also helpful in identifying and
understanding nature-related issues. Their perceptions deliver relevant social and cultural information, which have relevance in
conservation and management (Liu et al., 2019; Young et al., 2016). We argue that perception papers are essential in understanding
the motivations and opinions of recreational fishers, while they can also help scientists in the better understanding of environmental
issues and processes.

On the one hand, perceptions that are not based on concrete data and assessments can still be useful in sustainable habitat
management or species conservation programs, since fishers’ activities must be considered as an external factor. On the other hand,
perception papers can also help to improve fishers’ participation in research activities (Granek et al., 2008), refine fisheries and
conservation management (Palas et al., 2017), and even guide the development of environmental education programs (Li et al., 2010).
Voyer et al. (2014) suggested that considering fishers’ motivations may enable the development of more holistic management re-
sponses. Morales-Nin et al. (2021) also argued that future studies should investigate and compare the perceptions and motivations of
recreational fishers with those of other stakeholders, including not just commercial fishers or fishpond managers, but for example
consumptive, indoor, and outdoor recreationists as well.

4.3. Recreational fishers as conservation partners

Involving recreational fishers in conservation efforts is timely (Arlinghaus and Cooke, 2009; Berkes, 2017; Aswani et al., 2018),
because recreational fishers can significantly contribute to the assessment of data-poor species (Beaudreau and Levin, 2014), report the
conservation status of ecosystems (Pita et al., 2020b), while they can also help in understanding, managing, and adapting to the
ongoing biotic transformations driven by climate change and biological invasions (Azzurro et al., 2019). Moreover, recreational fishers
can also participate in promoting conservation, provide input into protected area design, support conservation education (Granek
et al., 2008) fostering more sustainable fishing practices (Raynal et al., 2020).

Complex management issues and fully integrated decisions require the involvement of all related stakeholders, including the
comparison of different nature related knowledge, especially TEK, LEK, and scientific knowledge (Harrison et al., 2018; Pita et al.,
2018). Recreational fishers sometimes lack basic knowledge about the concept and establishment of protected areas and the services
they provide (Kerns, 2003), thus engaging recreational fishers in conservation efforts could help to understand relevant cultural factors
and ensure that all stakeholders’ views are considered (Hamilton, 2011). This approach is especially important in controversial topics,
where favouring one stakeholder group might displease another. For instance, this can happen if protected areas with new regulations
are established on fishing waters (Voyer et al., 2014), if fishing gears might harm vulnerable birds or aquatic habitats (Pita et al.,
2020a; Deshpande et al., 2019), or if recreational fishers are considered as vectors of non-native species and pathogens (Anderson
et al., 2014). Future researches should also focus on resolving these opposites, in parallel with the endeavor that regulations should
allow all relevant stakeholder groups to carry out their activities, and provide them with an opportunity to share their views. Failure to
do so might lead to conflicts between recreational fishers and conservationists (Cook et al., 2015), while we believe that resolving such
conflicts between recreational fishers and conservationists could also increase the sustainability of fishing.
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4.4. Bridging the knowledge—action gap and knowledge co-production

Bridging conservationists and recreational FEK could be essential in designing the best possible habitat management practices
(Anbleyth-Evans and Lacy, 2019; Brownscombe et al., 2019; Pita et al., 2018). Preconditions of knowledge co-production probably
include harmonization of recreational fisheries and detailed conservation objectives (e.g., Cowx et al., 2010), and/or the detailed
comparison of recreational FEK and scientific knowledge (e.g., Harrison et al., 2018). Unfortunately, it is widely believed that most
works have failed to integrate recreational fishers’ knowledge into decision-making processes so far (Li et al., 2010). Some believe that
this is largely due to poor communication among scientists, fishery managers, and recreational fishers, as well as pre-existing
antagonism between commercial and recreational fisheries (Dedual et al. (2013); Voyer et al. (2014). It should be noted that infor-
mation transaction can be also challenging simply because the nature of this body of knowledge, as these are often difficult to verbally
articulate, which results in a major methodological challenge (Garavito-Bermtdez and Boonstra, 2023). One of the key questions of
transferring fishers’ knowledge to science is still learning more about what it implies for fishers to have their knowledge moved beyond
its traditional borders (Maurstad, 2002), and use their knowledge not mainly to fish-related issues. Implications of recreational FEK
beyond fishing-related issues is crucial, as failures in recognizing heterogeneity among recreational fishers can lead to a kind of ‘fishing
versus conservation’ partisanship (Khumalo, 2021). Additionally, according to Copeland et al. (2017), motivations for habitat man-
agement among recreational fishers are primarily social: hence, it would be the best to approach the topic mainly from the social
perspective. To implement robust, well-accepted management actions, future research should aim to gain the confidence and trust of
recreational fishers on such topics. This is most likely to happen eventually, as some studies have already indicated that recreational
fishers and researchers reported qualitatively similar trends or provided the same information (da Silva et al., 2020). Besides these,
establishing associations, societies, and other organizations with conservational purposes might also increase the engagement ratio of
recreational fishers, while bridging the knowledge-action gap between stakeholders might be sometimes surprisingly quick
(Brownscombe, . et al., 2019).

4.5. Involving recreational fishers in citizen science projects

Citizen science is a collaborative and participatory approach to scientific research in which scientists and citizens collaborate to
produce new knowledge for science and society (Vohland et al., 2021). Citizen science projects therefore can effectively support
conservation efforts by building scientific knowledge and databases, informing policy formulation, inspiring public action, aiding
decision making, and promoting public acceptance of decisions (McKinley et al., 2017). We believe that recreational anglers can be
involved in citizen science programs mainly through data collection projects on historically iconic species, other fishing-related or-
ganisms, salient, or flagship species on current conservation trends (Beaudreau and Levin, 2014; Cook et al., 2015; Noble et al., 2020;
Loki et al., 2021), while engaging the public in monitoring other ecological impacts such as the effects of climate change is also possible
(Pecl et al., 2019). Furthermore, participating in citizen science programs offer a possibility to deepen anglers’ understanding of the
impacts of fishing and recreational activities on nature, while it is also an effective tool to bring conflicting parties closer together
(Venturelli et al., 2017; Christel, 2006; Morales-Nin et al., 2021).

The increasing role of digital technology in citizen science projects has also been noted, with emerging technologies providing
practical and easy-to-use online platforms for data collection (Newman et al., 2012; Carcia-Soto and van der Meeren, 2017). Kelly et al.
(2020) suggested that in this regard, frameworks are also needed to provide practical, hands-on evaluation tools that can more easily
monitor and track citizen science progress and development. Smartphone applications, for example, can be useful tools of citizen
science surveys as they automatically capture metadata, such as position and time of measurement, and allow users to record catches
(e.g., uploaded photograph) and related data, even if they cannot identify the species (Carcia-Soto and van der Meeren, 2017; Pecl
et al., 2019; Venturelli et al., 2017). Social media platforms are also an excellent but inefficiently exploited opportunity to reach
fishers, and they offer a higher success rate than traditional interviewing methods (Giglio et al., 2020; Stratoudakis et al., 2014).
Moreover, Tweedley et al. (2016) suggest that social media is also suitable for recruiting volunteers for citizen science programs and
even for regular communication between project managers and recreational fishers. Their work highlights the important role of citizen
science as a tool for public engagement and for monitoring rare and endangered marine wildlife in a changing environment. However,
using social media for research purposes requires optimization to produce reliable, confident and legal results. The disadvantage of
digital platforms is their potential to be biased, as the regularities of social media can favor certain types of content over others (Barbier
and Liu, 2011; Sbragaglia et al., 2020a). Therefore, online approaches should be adapted to uneven situations and optimized for
scientific purposes.

Despite these challenges, we encourage researchers to use online surveys, smartphone applications, and social media for data
collection purposes. Such online campaigns represent a new and data-rich approach to studying recreational fishing, and they can also
facilitate the digital engagement of recreational fishers. This activity can serve as a precursor to thematic citizen science projects,
which can engage fishers and contribute to scientific research (e.g., Cerri et al., 2020; Dowiarz, 2021). Social factors, ease of
participation, and enjoyment also motivate voluntary data sharing (Rotman et al., 2012; Dickinson et al., 2012).

5. Conclusions
In conclusion, traditional and local ecological knowledge (TEK and LEK) offer a promising solution as local communities possess

first-hand knowledge of their environment. The mapping of recreational fishers’ ecological knowledge (recreational FEK) presents an
opportunity to gain a better understanding of aquatic habitats and wetlands. Given the increasing importance of clear water and
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natural aquatic habitats, it is imperative to engage with fishers, who are key stakeholders in aquatic habitats, and leverage their FEK to
guide habitat management decisions. While recreational fishing may have some potential negative effects on ecosystems, it also offers
significant social, economic, individual, and cultural benefits to one of the largest user groups of marine and freshwater habitats. We
believe that recreational fishers can provide reliable ecologically related data for scientific research, making them a valuable resource
for future citizen science projects focused on nature conservation.
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