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Recreational sea angling is an important recreational activity in the United Kingdom with around 1.6% of adults participating and a total economic impact of around £1.5 billion each year. There are positive impacts of angling on physical health and mental well-being. The COVID-19 pandemic resulted in several national lockdowns in the UK, which along with additional local restrictions and personal circumstances due to the pandemic, have impacted people’s ability to fish. Angling was not allowed in the UK for some of the first lockdown (March to May 2020), and further restrictions were implemented subsequently that varied between the countries and regions. The impact of COVID-19 on the participation, effort, physical activity, and well-being of UK sea anglers remains unknown. A panel of UK sea anglers, which record their activity and catches as part of the Sea Angling Diary Project, were surveyed to assess changes in sea angling participation, physical activity, mental well-being, and expenditure between 2019 and 2020. We compared the sea angling effort and catches of the diary panel between 2019 and 2020. We found reduced sea angling effort in the panel, including sessions and catches, between 2019 and 2020, with the largest impact being in April 2020. We found that there was a significant reduction in expenditure during April 2020 with 64% of respondents spending less on sea angling than in a typical April. In total, 67% of respondents reported reduced happiness and 45% were less active due to sea angling restrictions. Using a general linear model, we found that even though anglers said that being able to go fishing has resulted in high World Health Organization Five Well-being Index scores, other factors also had significant effects. These included: age; physical and mental health status; angling activity; travel to fish during COVID-19; and whether they fished in July 2020. Of those who responded, 66% classified themselves as at either high or moderate risk to COVID-19. This work has shown that COVID-19 has negatively affected marine recreational fisheries in the UK, and not being able to go sea angling has negatively impacted participation, effort, physical activity and well-being.
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Introduction

Marine recreational fisheries are important activities creating economic impacts (Cisneros-Montemayor and Sumaila, 2010; Hyder et al., 2017, 2018) and social benefits through physical health and well-being (Mcmanus et al., 2011; Armstrong et al., 2013; Griffiths et al., 2017), but can also impact on fish stocks (Hyder et al., 2017; Hyder et al., 2018; Radford et al., 2018; Lewin et al., 2019). Marine recreational fisheries (MRF) are generally not embedded in governance structures in many countries (Arlinghaus et al., 2019; Potts et al., 2020) and is often unlicensed meaning that the participants are not well characterized (Hyder et al., 2017; Hyder et al., 2020b). Motivation for participating in MRF is diverse (Fedler and Ditton, 1994; Arlinghaus, 2006; Beardmore et al., 2011), making responses of fishers difficult to predict [e.g. for the management of marine recreational fisheries and to understand and monitor climate change (Arlinghaus et al., 2016)]. Sea angling using rod and line is the most common form of MRF in the UK (Armstrong et al., 2013; Hyder et al., 2020a; Hyder et al., 2021), with over 700,000 participants fishing for over 6 million days and catching over 40 million fish a year (Hyder et al., 2020a; Hyder et al., 2021). Sea anglers in the UK generate a total economic impact of over £1.5 billion, supporting over 13,000 jobs (Hyder et al., 2020a). In addition, sea angling in the UK has benefits to the individual (e.g. physical health and well-being) and societal benefits (e.g. environmental improvement work and volunteering) (Armstrong et al., 2013).

In 2019, the outbreak of COVID-19, led to a global pandemic from early 2020 through to at least the date of this publication (World Health Organization, 2020). Governments across the globe began to react with designed measures to control the spread of the virus (Hiscott et al., 2020). In particular, multiple governments created national lockdowns and other restrictions to reduce social interaction (Hiscott et al., 2020), such as limiting travel (Iacobucci, 2020; Wilder-Smith and Freedman, 2020) and access to non-essential activities (Ding et al., 2020; Storr et al., 2021).

The COVID-19 pandemic has been shown to have an impact on MRF across the world (Skov & Gundelund, 2021; Pita et al., 2021). The potential for impacts on MRF varied between countries as the restrictions on activities differed (Pita et al., 2021). In the UK, the number and duration of lockdowns and associated restrictions varied between the different countries and regions and were complex (Pita et al., 2021) resulting in varying impacts on sea angling spatially and temporally. At the beginning of the COVID-19 pandemic, UK lockdowns restricted people’s ability to participate in recreational angling in both fresh and saltwater. From the 23rd March to the 13th May 2020, any form of angling was completely banned in the UK (Institute for Government, 2021). After this, there were a series of varying restrictions at UK, national (devolved administration), regional and city levels. Other factors relating to the pandemic, including infection, requirements to ‘shield’, restrictions on travel and personal decisions about safety will also have impacted people’s ability to participate in sea angling. However, the impact of COVID-19 on the participation and effort, physical activity, and well-being of UK sea anglers remains largely unknown.

There is a wealth of evidence that shows that participating in sport and active recreation can improve physical health and well-being (McNally et al., 2015). Whilst some research has sought to identify the benefits that outdoor recreation can have for participants (Benefits of Outdoor Sport for Society; Eigenschenk et al., 2019), research on the health benefits of angling in general, and sea angling in particular, is limited (Mcmanus et al., 2011; Armstrong et al., 2013; Griffiths et al., 2017). In the UK, 72% of anglers in the National Angling Survey said that angling helped to keep them healthy, 27% said it was their main way of being physically active and 70% said it helped them deal with stress (Brown, 2019). It is estimated that around 1.6% of UK adults participate in recreational sea angling each year, contributing a total economic impact of over £1.5 billion each year (Hyder et al., 2020a).

The impact on the health and well-being of individuals who undergo a reduction or possible loss in outdoor recreational sports due to COVID-19 are not fully understood. It has been shown that restrictive access to blue spaces to pursue outdoor recreational activities such as angling, contributed to the negative effects of the pandemic on health and well-being (Guzman et al., 2020; Astell-Burt and Feng, 2021; Pouso et al., 2021), highlighting further that health is not equally distributed across society as access varies across the population (Geary et al., 2021). Outdoor recreational sports are vital for physical and mental health and well-being, and there is further evidence-based research into the benefits of combining outdoor recreational sports with nature and the natural environment (St Martin, 2007).

Here, we investigate the impacts of COVID-19 on existing UK sea anglers’ physical activity and well-being. We use a survey targeted at a diary panel of UK sea anglers and hypothesize that not being able to fish during lockdown months has negatively affected the physical activity and well-being of UK sea anglers. In addition, we use data collected on angling activity from the diary panel in 2019 and 2020, to determine the impacts of COVID-19 on sea angling sessions and catches. We hypothesize that there was a reduction in sea angling effort as a result of lockdowns, other restrictions, and personal circumstances that limited angling activity.



Materials and Methods

To assess catch per angler, volunteers completed a catch diary throughout the year where all angling trips were recorded known as the Sea Angling Diary Panel (SADP; Hyder et al., 2020a; Hyder et al., 2021) (Table 1). The SADP varied in size between years since it began in 2016, reaching a maximum size of 2,126 diarists in 2020 (Hyder et al., 2020a; Hyder et al., 2021). For our investigation, we extracted the data from 2019 and 2020. The panel covered the whole UK and was recruited through several different channels including email lists of known sea anglers, print and electronic publicity delivered through tackle shops, charter boats and sea angling organisations and clubs, face-to-face recruitment at events, and social media. New participants are recruited annually to maintain and increase the numbers on the sea angling diary panel whilst many diarists participate over multiple years. Previous analysis of this panel has shown some bias, with diarists generally older, more avid, and had been fishing for more years compared to the general population of sea anglers (Hyder et al., 2020a; Hyder et al., 2021). Annual estimates of the general population of UK sea anglers, how often they fish, and what they caught have been generated since 2016 (Hyder et al., 2020a; Hyder et al., 2021; www.seaangling.org). As no register of sea anglers exists for the UK, this involved separate surveys of effort and catch per unit effort (Pollock et al., 1994). To estimate effort, an independent face-to-face survey was done each year of 12,000 households across the UK that provided a population-level estimate of the numbers, demographic profile, and activity of sea anglers in the UK called the Watersports Participation Survey (Table 1) (Hyder et al., 2020a; Hyder et al., 2021).


Table 1 | A glossary table of the different sources of data used to assess the impacts of COVID-19 on UK sea anglers.



To understand the impact of COVID-19 on UK recreational sea anglers, two approaches were used. Firstly, data on participation, effort, and catches from the existing UK SADP (Hyder et al., 2020a; Hyder et al., 2021) were compared between 2019 and 2020 to assess the impact on numbers, travel to angling locations, and catches on individual angling trips (hereafter termed SADP data 2019 and 2020; Table 1). Secondly, an additional bespoke survey was conducted of anglers participating in the UK SADP (Hyder et al., 2020a, 202) about the impact of COVID-19 on their sea angling and physical health and well-being (COVID-19 survey; Table 1).


Comparing Sea Angling Effort, Locations, and Catches in 2019 and 2020

To assess the impact of COVID-19 on fishing activity, outputs from the sea angling the SADP effort and catch survey in 2019 and 2020 were compared (SADP data 2019 and 2020; Table 1) (Hyder et al., 2020b; Hyder et al., 2021). SADP participants were encouraged to use an online tool and mobile app after every fishing session, to record their activity, such as fishing location, number of catches (kept and returned) and type of equipment used. They were asked to complete information for each month of the year about whether they have fished or not in that month, their sessions in that month (location, duration, method, platform), and all their catches for each session including species, length and numbers caught, kept and returned. The number of sessions reported, the number of diarists reporting fishing, fishing locations, and catches (kept and returned) was extracted from the database for each month in 2019 and 2020. Seasonal patterns were plotted for the two years for the number of sessions reported, numbers of sessions per diarist on each platform, numbers of diarists fishing, catch rates per trip, locations of trips and distances travelled. These SADP data 2019 and 2020 were interpreted in the context of periods of lockdowns and restrictions that impacted access to sea angling in the UK.



Assessing the Impacts of COVID-19 on Sea Angling

To understand the impact of COVID-19 on UK recreational sea anglers, an online COVID-19 survey was conducted on the SADP. At the time of the research, the panel consisted of 2,129 adults (16 years of age and over) who were recreational sea anglers. Sea anglers on the panel were sent a link to the online survey through Survey Monkey (https://www.surveymonkey.co.uk/). They provided consent to participate before completing the survey and no identifying personal data (email or name) were collected. The survey was sent on the 1st October 2020 and a reminder was sent to the same audience on the 27th October 2020 before responses were closed on the 1st November 2020.


Survey Design

The survey was designed to collect a range of data about respondents, including their normal or perceived (pre-COVID-19) sea angling activity (Supplementary Materials Q1–Q10); the impact of COVID-19 on their sea angling activity (Supplementary Materials Q11– Q28); and sections to assess impacts on physical activity, well-being and sea angling-related expenditure. The survey also asked about their anticipated sea angling activity in the near future and demographic questions to provide a profile of respondents. The survey questions are included in Supplementary Materials.


Sea Angler Profile

The first section of the survey was designed to provide information so that the sea angling profile of respondents could be compared to other data (such as that held on the SADP). This asked about the avidity of the respondent in the preceding 12 months; the platforms they usually fished from; other forms of angling they have done; their normal mode and distance of travel to sea angling; and some questions to assess the centrality of sea angling to their lifestyles, their skills, their retention of fish and the months in which they had been sea angling in 2020. Demographic questions asked about age, sex, physical and mental health disability and ethnicity (Sport England, 2021) as well as employment status and postcode.



Sea Angling Activity During COVID-19

The second section was designed to gather data about in which months (March – September 2020) the COVID-19 pandemic had prevented them from going sea angling; the most important reason that had prevented them from going sea angling (government restrictions, isolation, minimizing risk, or other reasons); which of those months they would normally have fished; whether they had fished since restrictions were lifted or partially lifted; and whether that had been at a higher or lower rate than normal for that time of year. These questions were designed to assess not only the direct effect of COVID-19 on their sea angling in 2020, but also to provide counterfactual data on what they might have done if the COVID-19 pandemic had not happened.



Physical Activity Levels

The third section asked respondents about the effect that not being able to go sea angling had on their physical activity levels. They were provided with a series of statements about the effect of not sea angling on their physical activity and asked to rank these on the Likert five-point scale from whether they ‘strongly agreed’ to ‘strongly disagreed’. The statements provided were designed to identify causal relationships between not sea angling and lower levels of physical activity. Respondents were also given the opportunity to provide a qualitative statement about the impact of COVID-19 on their activity.



Impact of COVID-19 on Well-being

The World Health Organization Five Well-being Index (WHO-5) was used as a self-reported measure to determine the impact of not going sea angling on respondents’ well-being (WHO, 1998; Topp et al., 2015). Following the same format for the physical activity questions, respondents were asked to what extent they agreed or disagreed with a series of statements about their well-being, adapted from the WHO-5 well-being indicators. Following this, respondents were provided with the WHO-5 self-reported measures and asked about their well-being in the preceding two weeks, followed by a question asking them to relate their responses to their ability to go sea angling to provide some data on causal relationships between sea angling and well-being.



Impact of COVID-19 on Angler Participation, Effort and Expenditure

The final set of ‘impact’ questions asked respondents to say what their expenditure on sea angling had been in April 2020 (when no sea angling was allowed in the UK) and what they would spend in a ‘normal’ April. This allowed some analysis of the impact of not being able to go sea angling on sea angling-related economic expenditure. Following this, respondents who had been able to go sea angling since the initial lockdown in April were asked about how COVID-19 had affected their sea angling behaviour – such as whether they had travelled further or less distance than usual, avoided crowded places or not participated on charter boats. Finally, some data suggested that the pandemic had led to more people taking up fishing: in England, the Environment Agency, which manages freshwater fishing, said that sales of licence to fish in freshwater had increased by 17% in 2020 (Environment Agency, 2020). To help assess whether the pandemic had led to more people fishing in the sea as well, respondents were asked whether they had taken people fishing who had not fished before or if they knew of people who had either fished for the first time or returned to fishing after a break-in 2020.




Statistical Analysis

A generalised linear model was used in R statistical computing environment (R Core Team, 2015) to determine predictor variables that could impact the WHO-5 score (WHO, 1998; Topp et al., 2015). To determine the impact of COVID-19 on the participation rates, effort and expenditure of sea angling a Wilcoxon t-test was used to compare the number of days fished and expenditure in 2019 vs 2020 in PAST- Paleontological Statistics v4.0 (Hammer et al., 2001). Multinomial logistic regression was used to examine which predictors affect whether respondents spent more or less on angling (compared to no change) in April 2020 compared to a typical April. The ‘no change’ category was defined as the reference level.





Results


Respondent Profile

In total, we received 635 (30%) responses to the survey, of which 559 (26%) respondents completed the survey. There was a bias in age and gender, as there is in the SADP generally, where respondents were generally more likely to be male and older in comparison to the UK sea angler population (Table 2). As expected, the location of the respondents matched the SADP location profile, which is also somewhat different to the UK sea angler population (Table 2). The bias in the SADP which was older, more avid male sea anglers, and therefore our responses to the COVID-19 survey, has been defined and analysed in Hyder et al. (2020a).


Table 2 | Characteristics of the respondents to survey in comparison with the whole Sea Angling Diary panel and the UK population of sea anglers in 2019.





Comparing Sea Angling Effort, Locations, and Catches in 2019 and 2020

The number of sessions reported by anglers in 2020 decreased significantly from February with almost no sessions reported in April 2020. The average number of sessions per angler exceeded 2019 figures in July-September 2020 and matched 2019 later in the year (Figure 1A). The proportion of anglers fishing per month in 2020 followed a similar pattern to the average number of sessions reported, with a significant decrease in comparison to 2019 levels with some recovery from July onwards (Figure 1B). The average catch per angler reported in 2020 remained lower than those reported in 2020, with April reporting the largest difference and numbers recovering in the summer months (Figure 1C). The total distance travelled by anglers from their home to their session site was significantly lower in April 2020 compared with the same month in 2019 (Figure 1D). Total distances did not recover to pre-COVID-19 levels until August and then followed a similar pattern in the autumn and winter months compared with 2019.




Figure 1 | Seasonal patterns of angling activity and catches in 2019 and 2020, generated from the UK sea angling surveys. (A) the average number of sessions per diarist per month; (B) the proportion of anglers that fished each month; (C) the average catch per angler; (D) the total distance travelled by anglers from their home location to their fishing site per month (totals for distance travelled were used instead of averages due to a wide variation in session numbers). Red represents the full lockdown, yellow is a partial lockdown, green is when the lightest restrictions were in place, no colour is prior to COVID-19 pandemic lockdowns.





Assessing the Impacts of COVID-19 on Sea Angling


Respondent Effort and Participation

Anglers were significantly less likely to fish in each month from March to September in 2020 than in a typical year (Wilcoxon: p < 0.001). April represented the largest change between a typical year and 2020, where 57% of individuals who would have typically have gone sea angling did not do so (Figures 2A, 3). For individuals who were not able to go sea angling in particular months, the single most important reason was that there were government lockdowns or restrictions on travel/activities (54%), followed by their own decision to minimise risk (21%). The main reason for not fishing in March and April was due to government lockdown or restrictions on travel/activities (67%) (Figure 2B). In August and September, 18% of individuals reported they made their own decision not to fish to reduce risk, whilst 57% of individuals reported that they were not restricted and therefore this did not prevent them from fishing (Figure 2B).




Figure 2 | Impact (A) Impact of COVID-19 on the ability of the respondents to access sea angling. (B) Reasons for not fishing during COVID-19 across respondents to the survey. As lockdown rules varied across the UK and people were shielding, this is not simply related to the periods of nationwide lockdown.






Figure 3 | Effect of COVID-19 on the frequency of fish trips.



The survey found that 45% of anglers had chosen to fish in places where they could avoid other people, and this was more than they would normally have done (Figure 4). Cited reasons in the qualitative responses included crowding at their regular fishing spots (either public use of the beach or increased numbers of other anglers): “When lockdown ceased the coast was swamped with people, so I couldn’t/didn’t want to fish in amongst the crowds”; and “Far more anglers on the beach than pre-pandemic. Many people, non-anglers, on the beach and in the sea, therefore, could not guarantee fishing safety for all nor able to ensure social distancing.” Most anglers (58%) reported that they did not know other people who had not fished before who have done so since the COVID-19 crisis began (Figure 5).




Figure 4 | Impact of COVID-19 on angling experience.






Figure 5 | Changes in participation in sea angling during COVID-19. Responses to the question: Do you know of other people who have not fished before who have done so since the COVID-19 crisis began? Please tick all that apply.





Expenditure

There was a significant difference in people’s sea angling expenditure when comparing spending in a ‘typical April’ to spending in April 2020 (Wilcoxon test: p < 0.001). In total, 363 (63%) people had spent less, 161 (28%) reported no change in their spending and 51 (9%) people has spent more in April 2020 than they typically would on sea angling.

The difference between the nominal values of individual usual spending during a ‘typical April’ and spending in April 2020 was calculated, and respondents were placed into one of three categories; no change, spent less, or spent more. A multinomial regression model was conducted to determine which variables affected whether an individual was more likely to spend more or less in April 2020 compared to a typical April. This was examined in relation to ‘no change’, which was used here as the reference category. The centrality of angling to angler’s lifestyle was a predictor (coef – 0.11, p <0.05) for spending less in April 2020 compared to a typical April (Table 3), in addition to their mental health and well-being score (WHO-5). Fishing in 2020 (at least once) was a significant predictor for a change in spending, both for spending more (coef = 1.4, p <0.001) and spending less (coef = 0.2, p <0.001). Avidity influenced the probability of spending more in April 2020 with more regular anglers more likely to spend more (coef=0.193, p<0.001). Those who have fished only once or not at all in the last 12 months less likely to spend more in April 2020 (coef = 58.88, p <0.001 and coef = -42.35, p <0.001, respectively). Anglers that fished more in April 2020 compared to a typical April were significantly more likely to have spent more (coef = 3.08, p = 0.051). Anglers that fished the same amount in April 2020 compared to a typical April, in addition to those who did not fish at all in April 2020, were significantly likely to have had a change in spend, both spending more and spending less relative to the no change in expenditures (Table 3).


Table 3 | A multinomial logistic regression of the predictors impacted whether respondents spent more, less or no change on angling in April 2020, compared to a typical April.





Physical Activity

During COVID-19, 45% of respondents felt that they were less active because they could not go sea angling, while 21% agreed that they were less active for other reasons (Figure 6A). Individuals who had either or both a mental and physical health concern (66%) were more likely to be less active because they could not go sea angling when compared to individuals who had neither health concern (38%). Unemployed individuals were more likely to agree or strongly agree that they had been less active because they could not go sea angling (77%) compared to individuals employed (41%), furloughed (40%), or retired (44%). Comparisons based on gender was not possible due to the very low number of female respondents (n=6).




Figure 6 | The role of COVID-19 on impacting levels of physical health (A) and well-being (B) and the relative importance of sea angling as a driver.





Well-being

In a subjective measure, respondents were asked to recall the impact of not being able to go sea angling in 2020 had on their well-being. 43% of respondents reported that not being able to go sea angling because of COVID-19 had some form of negative impact on their well-being. For example, 67% said that they ‘strongly agreed’ or ‘agreed’ that they were less happy because they could not go sea angling (Figure 6B).

The well-being of individuals in the preceding two weeks was scored using the WHO-5 methodology (Figure 7A). Anglers were also questioned as to what extent their responses to the WHO-5 measures about their well-being in the preceding two weeks were due to being able to go sea angling (Figure 7B). 67% of anglers said their responses were due to being able to go sea angling. Of these 67% had a high well-being score (67%-100%), 26% had a medium well-being score (33%-66%) and only 7% had a low well-being score (0-33%) (Q19, Supplementary Materials).




Figure 7 | (A) Response from participations on well-being in the last two weeks (Supplementary Material Q20) and (B) how important restrictions on sea angling are for these outcomes (Q21 To what extent are your responses due to now being able to go sea angling? Please say from 0% (not at all) to 100% (completely due to sea angling), or tick N/A.; Supplementary Material).



Using a general linear model, we reviewed the other responses as possible variables that could affect individual well-being scores (Table 4). We tested all predictor groups within the survey and included those that were significant in the model. We found that even though anglers said that being able to go fishing has resulted in high WHO-5 scores, age, physical and mental health status, angling activity, travel to fish during COVID-19, and July fishing activity in 2020 had significant effects (p < 0.05, SE = 15.04, Table 4). For example, individuals with a WHO-5 score that was positively impacted by their ability to go sea angling were more likely to have a mental or physical health issue, or both (p = <0.001 to 0.29, SE = 2.54 to 4.88, Table 4).


Table 4 | A generalised linear model of the impact of multiple predictors on the mental health and well-being of sea anglers







Discussion

Using the evidence collected, we can conclude that COVID-19 had an overall negative impact on recreational sea angling in the UK in 2020, especially during the first lockdown in April 2020. This included participation and effort, physical activity, well-being, and expenditure of sea anglers. This confirms our hypothesis that there was a reduction in sea angling effort as a result of lockdowns, other restrictions, and personal circumstances that limited angling activity. There remains an unknown long-term effect of this negative impact on recreational sea angling especially as the pandemic continues, which could affect restrictions, personal health, or willingness to fish. Participation and effort were negatively affected for many sea anglers by lockdown, health concerns and other personal circumstances related to COVID-19, which impacted mental well-being and physical activity. When reviewing diarist participation in sea angling during COVID-19 in 2020, we found an overall reduction in the number of diarists fishing, number of sessions and number of catches. The data shows that the number of sessions per diarist increased during July, August and September of 2020 suggesting compensation of activity for when it was restricted. In total, 67% of respondents reported reduced happiness and 45% were less active due to sea angling restrictions.

Although surveying anglers has been a common practice in the management and understanding of angler behaviour (Pollock et al., 1994) this survey was limited in nature by some factors. The population surveyed was a research panel of sea anglers in the UK created to provide data for the SADP on participation, catches and expenditure. The SADP is itself self-selected and previous analysis has shown some bias as they are generally older, more avid, and had been fishing for more years when we compare them to the general population of sea anglers (Hyder et al., 2020a). It is suggested that the participants are more engaged in angling and therefore more likely to sign up to the diary project (Hyder et al., 2020a), and were more likely for the restrictions to have affected their well-being because they were unable to fish. The respondents to this survey were a self-selected sample of that panel and as such cannot be taken to be representative of the sea angling population of the UK. However, this study is unique in that it has years of evidence that define and account for bias in the sample size. The reasons that this approach was taken are that there is no database of sea anglers in the UK from which a representative sample of sea anglers could be drawn; alternative methods such as a randomized face-to-face survey (Pollock et al., 1994; Mosindy and Duffy, 2007) were not possible during the pandemic and this, and other methods, such as postal surveys would have been prohibitively expensive. Unlike other countries, the UK does not have a licence nor a registry for sea anglers, there is no legal requirement for catch reporting, and response rates to mail and telephone surveys in the UK are low, making probability-based samples very difficult to obtain. Despite the use of a convenience sample, a small UK sea angling diary panel recruited from a randomised postal survey had similar demographic characteristics (Hyder et al., 2020b). Research into mandatory catch reporting in freshwater has resulted in provision of up to a 99% of data where there was commitment and investment from anglers, angler enforcement, and robust fisheries management (Lyach, 2021). However, there are fewer species to record and manage in freshwater compared to the marine environment in the UK (Winfield, 2016), and sea angler preferences for voluntary catch and release for some species (Andrews et al., 2021). The timescale for capturing some data on the impact of the pandemic to avoid recall bias was short, so the most efficient approach was to use the SADP. However, other biases in the sample could include participants not wishing to report angling during legally enforced lockdowns, or generally not including limited or unsuccessful sea angling trips when there is no catch to report (Essig and Holliday, 1991; Hartill and Edwards, 2015). This could have an impact on the true numbers of sessions and economic impact of UK recreational sea angling. A larger, more representative diary panel, with a randomized representative sample, might help address these issues in future surveys. Reweighting the sample to account for bias was not possible, as COVID-19 resulted in the change of WPS methods from face-to-face to online panel in 2020, so different could be due to survey method rather than COVID-19. Finally, the comparison made in the longitudinal survey was used to assess relative changes rather than absolute numbers, which should be robust as long as the bias is consistent. Although the impact of this bias is unknown and we can assume from other research that overall COVID-19 had a negative effect on sea anglers, especially during the first lockdown. However, it is likely that other circumstances of COVID-19 caused greater impact and that not being able to go sea angling was not the only cause.

This survey was taken at a specific point in time to assess the immediate impacts of the COVID-19 pandemic mid-way through 2020. It was designed with an expectation that the pandemic restrictions would likely be short-lived and the survey took place before the second wave and subsequent second lockdown in the UK from 2020 to 2021. To investigate the further effects of the pandemic and the second lockdown on angler participation, physical activity, well-being and expenditure, a subsequent survey on the longer-term impacts of COVID-19 on sea angling could be conducted. Currently, the SADP does not collect information at each session on sea anglers’ physical activity, well-being and expenditure, although these factors are surveyed periodically. More regular surveying of these factors could help future comparisons and assessment of impact. It can be seen from the participation levels in the SADP results, those diarists who continued to fish as the second lockdown came into force in December 2020, although this was overall lower than in 2019. Overall, we cannot say whether or not sea angling participation or effort increased in the UK population. Our survey was conducted on existing participants in sea angling, and their responses on whether they knew someone who had taken up angling were not informative enough to contribute any significant information about participation or effort increases.

A change in people’s exercise routines, prolonged (two weeks or more) self-quarantine and government-imposed social distancing and isolation negatively impacted well-being, such as an increase in stress and depression (Hawryluck et al., 2004; Dwyer et al., 2020). There is a base of knowledge that explains the benefits of being in nature for health and well-being (Chaudhury and Banerjee, 2020; O’Brien and Forster, 2020). In the UK generally, there was an increased desire to spend more time amongst nature following lockdown (Lemmey, 2020), which is an integral part of recreational sea angling and is an important motivation for going sea angling (Brown, 2019). However, for some individuals, access to nature was restricted during the pandemic, specifically during lockdowns, and there was likely a negative impact as the added value of exercising in nature was not realized. To understand the more general impact of sea angling on physical activity, well-being, and expenditure in 2021, we will be conducting two new surveys. These surveys utilize an expanded set of questions about impact in these areas based (in part, where possible) on additional validated measures. These data will provide a set of findings some of which will allow comparative analysis to the results presented here and help us understand further information about the impact of the pandemic on anglers during 2021. Analysis of SADP data and national participation data from 2019 will further explore how patterns of participation have changed between 2019, 2020 and 2021.

Prior to the pandemic, participation in recreational angling has been on an overall steady decline. Although participation in sea angling has fluctuated between 2016 to 2019 (Hyder et al., 2020a), freshwater licence sales declined dramatically in the decade before the pandemic (Environment Agency, 2020). Other countries have reported an increase in recreational angling in a similar period, however different methods of survey and modelling to manage angling were used (Hartill and Edwards, 2015; Arostegui et al., 2021). In 2020 countries, including England, Germany, Belgium, and Greece, reported that participation in freshwater recreational angling had increased. For example, in Belgium, there was a 30% increase in licence sales compared to 2019 (Gundelund and Skov, 2021; Pita et al., 2021). In Germany, it was argued that there had been a shift in recreational angling from marine to freshwater, and globally this shift has been beneficial to species under recreational fishing pressure (Pita et al., 2021). In England, the increase in licence sales suggested that more individuals were angling, and it may have been the case that more individuals are likely to be sea angling (gov.uk, 2020; Pita et al., 2021). However, although participation may have increased, our data suggest that effort decreased and those surveyed were sea angling less often in 2020 than in 2019. However, this sample may be more experienced, avid and older than the general population. In other countries, the COVID-19 outbreak lockdowns resulted in a higher participation rate and a change in angler characteristics, such as in Denmark, where individuals were more likely to be younger and less experienced when compared to previous years (Gundelund and Skov, 2021). There is currently no data that allows assessment of whether there were changes in participation and effort between fishing in freshwater and fishing in the sea, although this could be collected in future surveys. In some countries, the lockdowns did not prohibit sea angling, such as in North America, where 92% of jurisdictions did not close or delay recreational fishing and in some, it was even encouraged as a safe activity (Paradis et al., 2021). It was and remains recognized that lockdowns had direct and indirect effects on individual health and well-being, however, these have yet to be fully explored. An important factor in this research, which included anglers from across the UK, was that the restrictions and personal circumstances faced by citizens during 2020 varied enormously, from country to country, region to region and month to month. The only time in which there was a uniform approach to restrictions across the whole of the UK was in April 2020 and it is the results relating to this period that are perhaps the strongest.

The impact of the first lockdown in the UK saw a reduction in participation, effort and spending in sea angling. Most individuals (63%) spent less than a typical April during the lockdown, indicating an economic impact in the recreational sea angling sector. An expected significant predictor of this change was whether or not an individual fished at all in 2020, their fishing activity in April 2020 (the month of angling restrictions), their stated avidity and how central recreational sea angling was to their lives. Centrality to lifestyle was a significant predictor of a decrease in spending on angling. This is likely due to the impact of the pandemic on participation rates, as individuals were unable to go angling at the same rate as in previous years. Interestingly, whether or not an individual fished in June and their mental health and well-being score, WHO-5, were also predictors. The summer months often provide more opportunities to fish, and in 2020 we can see from Figure 1, there was a steady increase in recreational angling through to August. Despite the WHO-5 being a predictor for their expenditure, expenditure was not a predictor for WHO-5. Although those who have been able to go back to sea angling have a high or medium WHO-5 score, we found that other factors had significant effects, such as age, physical and mental health status, angling activity, travel to fish during COVID-19, and July fishing activity in 2020 had significant effects (p <0.01, Table 4). In other studies of the general population in the UK, females reported higher levels of anxiety than males (White and Boor, 2020). In our study, there was a lower number of females (N = 6), which is also found in the general UK sea angling population but not to the same degree. However, it was estimated that up to 20% of all UK sea anglers are female (Hyder et al., 2020a), while only 1.1% of the responses in the COVID-19 survey were female. This could have been due to the survey being conducted on a known panel of sea anglers, rather than being conducted on the general population through random sampling. White and Boor (2020) also found that respondents who reported either self-isolating before the lockdown, increased feelings of isolation after the lockdown and having livelihood concerns due to COVID-19 had a higher association with poorer mental health and well-being (WHO-5) (White and Boor, 2020). It would have been interesting to gather further information regarding the general impact of COVID-19 on participants, to measure the quality of life (WHO-QOL BREF) (Skevington et al., 2004; WHO, 2012), perceived stress (PSS-10) (Cohen et al., 1983), depressive symptoms (PHQ-9) (Spitzer et al., 1999) or anxiety (GAD-7) (Spitzer et al., 2006). This may have also improved the analysis and understanding of the impacts of COVID-19 and sea angling, especially if comparing individuals who had been angling in the previous two weeks from the time of taking the survey.

As the first study to understand the impacts of COVID-19 on sea anglers in the UK, we have demonstrated some well-being benefits that sea angling can have on participants. Overall, this work has shown that COVID-19 has negatively affected marine recreational fisheries in the UK. We have observed in our sample that not being able to go sea angling had a negative impact on participation, effort, physical activity and well-being. Government and local restrictions, personal health circumstances, aversion of risk and other factors related to the pandemic are reasons participation and effort in sea angling reduced within our sample and therefore subsequently impacted the well-being and physical activity of participants. Similar to other studies in different countries it seemed being able to go sea angling again had a positive impact on our sample, implying that sea angling can make a positive contribution to physical activity and well-being (Lemmey, 2020; Gundelund and Skov, 2021; Howarth et al., 2021; Pita et al., 2021), although other factors can contribute to this. Further research is being conducted in 2021 and 2022 will contribute further data and knowledge to this. This research can contribute to a wider body of knowledge to better inform policymakers about the management of recreational marine fisheries, especially in the event of future pandemics. Lastly, we believe that the longitudinal information regarding the panel surveyed, and the continuing efforts of the SADP to understand marine recreational angling within the UK into 2022, opens scope for further investigation to understand the long-term impacts of COVID-19 on well-being, expenditure, physical activity, and participation.
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Measure Respondents* Sea Angling Diary Panel (SADP) UK sea anglers**
Total Number 531-559 2,129 551,000
Age* (%)

16-34 16 12.8 27.5
35-54 229 349 443
55+ 741 52.2 289
Prefer not to say 14 01 =
Location*** (%)

East 10.4 10.8 3.7
East Midlands 27 35 5.8
London 238 27 26
North East 6.5 55 4.7
North West 10.8 10.9 4.3
Northern Ireland 19 22 13.4
Scotland 57 6.9 7
South East 20.5 19.5 24.4
South West 18.0 18.9 1.5
Wales 10.6 95 1.7
West Midlands 4.0 39 5.4
Yorkshire and Humber 6.1 57 5.5

*The number of respondents that completed demographic questions ranged from 531-559. **Percentages have been calculated for common categories to allow comparisons with the

WPS 2019. The confidence intervals for the total number of UK sea anglers is 370k — 726k.

***Survey respondents (n = 4, 0.8%) and panel members (n = 16, 0.8%) living in the region ‘Other’ have been excluded from this table to allow for comparison with the WPS 2019.
The Total Number is the number in each group, while all Age and Location are represented as a percentage (%).
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*Not applicable was a response option for questions in COVID-19 survey (Supplementary Material).

N/A has been analysed as a (Predictor Variable) in the model.

Bold predictor values are significant (p < 0.05).
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41.92
48.92
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7.45
1.09
4.57
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10.22
6.12
18.14

Standard
error
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3.64
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0.01
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191
0.28
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241
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0.17
0.68
0.96
1.26
0.79
2.37

p-
value

0.136
<0.001
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0.057
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0.029
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<0.001
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0.300
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0.075
0.025
0.020
0.057
0.027

0.016
0.041
0.049
0.040
0.018
0.016
0.037
0.026
0.853
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0.864
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Data
source

Watersports
Participation
Survey

(WPS)

Sea Angling
Diary Panel
(SADP)

SADP data
2019 and
2020

COVID-19
survey

Description Number of
respondents
An independent face-to-face survey conducted to estimate a population level number of sea anglers, demographic 12,000

profile, and activity. Sampling was stratified by region and social grade, and with 15-19 households selected at
random within each stratum. When households were not available or chose not to participate, a new household was
chosen at random until the desired sample size was reached. Interviews took place in September and were done in
waves. Population level estimates were calculated accounting for socio-demographic differences between the sample
and population based on the UK census.

A diary panel of volunteer UK sea anglers who recorded all their fishing sessions and catches. Due to lack of registry ~ 2019: 1,706
of sea anglers and low response rates to postal and phone surveys, this consisted of self-selected sample of 2020: 2,129
volunteers from a list of sea anglers who had participated in a range of previous surveys and from respondents to

various media campaigns. Participants were more avid, older and fished for more years than the UK population of sea

anglers, but was similar in composition to a probability-based diary panel recruited from a postal survey. The total

number of participants providing data on fishing activity and catch varied each year.

Comparison of participation, effort, and catches by anglers recording catches in SADP in 2019 (pre-COVID-19) and 2019: 988
2020 (during COVID-19). The number of diarists represented were those who had fished and entered sufficient data (58% )2020:
to be included in the analysis. 849 (40%)

An additional bespoke survey conducted on the 2020 SADP to assess the impact of COVID-19 on their sea angling 2020: 559
activity and physical health and well-being. Multiple reminders were sent to maximise response rates. (26%)

The survey name is used throughout the study to ensure consistent nomenclature. Number of respondents and response rates are given in brackets.

Year

Conducted
annually since
2016, with 2019
data used in this
study to assess
potential bias in
SADP.
Conducted
annually since
2016, with 2019
and 2020 used in
this study.

2019 (situation
pre-COVID-19)
and 2020 (during
COVID-19).
Bespoke survey
done in October
2020 to assess
impact of COVID-
19





