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Abstract The global COVID-19 pandemic resulted
in many jurisdictions implementing orders restrict-
ing the movements of people to inhibit virus trans-
mission, with recreational angling often either not
permitted or access to fisheries and/or related infra-
structure being prevented. Following the lifting of
restrictions, initial angler surveys and licence sales
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suggested increased participation and effort, and
altered angler demographics, but with evidence
remaining limited. Here, we overcome this evidence
gap by identifying temporal changes in angling inter-
est, licence sales, and angling effort in world regions
by comparing data in the ‘pre-pandemic’ (up to
and including 2019); ‘acute pandemic’ (2020) and
‘COVID-acclimated’” (2021) periods. We then iden-
tified how changes can inform the development of
more resilient and sustainable recreational fisheries.
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Interest in angling (measured here as angling-related
internet search term volumes) increased substantially
in all regions during 2020. Patterns in licence sales
revealed marked increases in some countries during
2020 but not in others. Where licence sales increased,
this was rarely sustained in 2021; where there were
declines, these related to fewer tourist anglers due
to movement restrictions. Data from most countries
indicated a younger demographic of people who par-
ticipated in angling in 2020, including in urban areas,
but this was not sustained in 2021. These short-lived
changes in recreational angling indicate efforts to
retain younger anglers could increase overall partici-
pation levels, where efforts can target education in
appropriate angling practices and create more urban
angling opportunities. These efforts would then pro-
vide recreational fisheries with greater resilience to
cope with future global crises, including facilitating
the ability of people to access angling opportunities
during periods of high societal stress.

Keywords Angling effort - Angling licence -
Angler demographics - Culturomics - COVID-19
lockdown
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Introduction

Recreational fishing is a highly popular leisure activ-
ity, with approximately 10% of the global population
participating (Arlinghaus and Cooke 2009; Arling-
haus et al. 2019). Rod and line fishing (i.e. angling)
is the most common form of recreational fishing,
but other methods including spear fishing are also
widespread. Motivations for recreational angling are
diverse, but can be psychological (e.g., emotional
benefits of being in the outdoors), personal challenge-
related (e.g. trying to catch a ‘trophy’ sized fish),
social (e.g. interacting with other anglers), competi-
tive (e.g. tournament fishing) and nutritional (captur-
ing fish for food) (Griffiths et al. 2017; Cooke et al.
2018; Nolan et al. 2019). Recreational angling gen-
erally makes important contributions to local and
national economies (Parkkila et al. 2010). For exam-
ple, recreational angling activities have been esti-
mated to generate up to US$1.5B per annum in the
Laurentian Great Lakes region (Lynch et al. 2016). In
Europe, marine recreational fishers spend €5.9B each
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year (Hyder et al. 2018), generating a total economic
impact of €10.5B (Hyder et al. 2017). Licence and
permit sales also generate revenues that regulatory
authorities often use to finance recreational angling
and fish conservation programmes (Tufts et al. 2015).

The global COVID-19 pandemic resulted in many
nations and jurisdictions implementing lockdown
orders to limit the movements of people and inhibit
virus transmission. As a result, over a third of the
global population was under some form of restric-
tions in April 2020 (Koh et al. 2020). These restric-
tions had profound impacts on the world economy
(Mandel and Veetil 2020), with many workers los-
ing their employment or wages; of those remaining
in employment, many had to work from home. Rec-
reational angling during restricted periods was often
either not permitted or public access to fisheries was
initially highly restricted (Midway et al. 2021). In
countries and jurisdictions where recreational angling
was allowed to continue in some form (but with some
restrictions, such as social distancing; Paradis et al.
2021), initial angler surveys and licence sales often
suggested increased participation rates (e.g. Guerra-
Marrero et al. 2021; Midway et al. 2021), including
first time anglers and anglers resuming after periods
of inactivity (Howarth et al. 2021), and was likely
related to recreational angling being considered a
COVID-19 safe activity (‘social fishtancing’; Midway
et al. 2021).

In addition to increased participation rates dur-
ing COVID-19, there is some evidence of important
changes in angler demographics and behaviours.
Danish anglers who were active in restriction periods
were more likely to be younger, less experienced, and
more urban than prior to the pandemic (Gundelund
and Skov 2021). While the number of fishing trips
apparently did not increase from previous years, pat-
terns in fishing effort shifted from weekend to week-
day trips and, although catch rates were lower, more
fish were retained (Gundelund and Skov 2021). Con-
versely, during restriction periods in Western Aus-
tralia, a lower proportion of urban (metropolitan) boat
anglers were active compared to regional anglers and,
of those who were active, their effort was lower than
before the pandemic (Ryan et al. 2021). In a global
assessment of the impact of COVID-19 on marine
recreational fisheries, Pita et al. (2021) reported an
overall decline in activity, with negative impacts
on the blue economy as well as fisher health and

well-being due to the loss of fishing opportunities.
Thus, whilst there were pandemic-driven changes in
recreational angling participation rates, activity, and
angler behaviours, these changes differed between
countries and regions, and across recreational fishing
methods. However, there are also substantial knowl-
edge gaps in how recreational anglers responded to
these changes in personal freedoms at global scales,
despite this information being of potentially high
value to fishery managers and policy makers for opti-
mizing management and developing strategies for
confronting this and other similar crises (Howarth
et al. 2021).

This study aims to synthesise the temporal changes
in recreational angling at global scales that relate to
COVID-19 restrictions in terms of: (i) patterns of
interest in recreational angling, (ii) angling licence
sales, and (iii) angler participation and effort. We use
these syntheses to consider how these patterns can
inform the development of more resilient and sustain-
able recreational fisheries, particularly during future
periods of global shocks (e.g. pandemics, wars). To
facilitate comparisons of data, the following terms
are used to define the time periods in the study and
applied where possible: ‘pre-pandemic period’ (up to
and including 2019), ‘acute pandemic period’ (2020),
and ‘COVID-acclimated period’ (2021).

Methods
Interest in recreational angling: angling culturomics

We used a culturomics approach to identify tempo-
ral and spatial patterns in the global interest in rec-
reational angling. Culturomics represents the study
of human culture through the quantitative analysis
of large bodies of digital data (Michel et al. 2011). It
has been applied to study contemporary conservation
issues through the perspective of human-nature inter-
actions (Ladle et al. 2016; Jari¢ et al. 2020a, 2021).
Along with ‘internet ecology’ (otherwise referred to
as ‘iEcology’; Jari¢ et al. 2020b), culturomics has
already been used to measure the various activities
of anglers (Wilde and Pope 2013; Giovos et al. 2018;
Monkman et al. 2018a,b; Sbragaglia et al. 2021)
and to deduce whether fisheries are sustainable (e.g.
McClenachan 2009; Jiménez-Alvarado et al. 2019).
Here, we used culturomic analyses to assess global
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changes in the volume of internet search terms related
to angling activity, and then evaluated these changes
regionally (USA, United Kingdom, and Australia;
see Supplementary Information, Methods: Section
SM1 for more detailed information on methods).
We then analysed changes in the volume of internet
search terms relating to angler target species, where
species-specific searches were restricted to those
regions in which that species was present and tar-
geted by anglers. Data were mined for the ‘pre-pan-
demic period’ (2017-2019), ‘acute pandemic period’
(2020), and ‘COVID-acclimated period’ (2021; Sec-
tion SM1).

Angling licence sale data

As regulation of recreational angling often includes
some form of licensing or permit system that requires
prior purchase, usually from a regulatory author-
ity (Potts et al. 2020), data on licence sale numbers
and their timing were used to measure the extensive
margin of angling participation. We assumed licence
purchase indicated at least an intent to undertake an
angling event in the near future. It was evident that (i)
licence systems were not consistent between countries
(e.g. variation in licence type: contrasting availability
of annual, weekly and daily licences; differences in
the accessibility of licence data); and (ii) there were
considerable spatial differences over whether recrea-
tional angling was possible during lockdown periods
and in the immediate aftermath of their lifting. Thus,
the systematic mapping of licence sales to COVID-
19 restriction periods could not be attempted. Instead,
licence sale data are presented for different countries
grouped by continent. In all cases, licence sale data
were collated from the controlling regulatory authori-
ties of each country that is used, with these data only
available from a limited number of regulators. Corre-
spondingly, licence sale data from a specific country
might not necessarily represent the licence sale trends
more widely for that continent or region.

Angling participation and effort

We used four data sources to assess changes in
angling participation and effort between the ‘pre-
pandemic period’, ‘acute pandemic period’ and
‘COVID-acclimated period’. The first data source
was Fishbrain (www.fishbrain.com), a commercial

@ Springer

smart-phone application (hereafter referred to as
‘app’) with> 14 M global users in 2022 who digitally
log the details of their fishing events and catches.
This generates fine-scale spatiotemporal data over
large areas, so providing a de facto source of angling
data to inform fisheries management (Venturelli
et al. 2017; Cooke et al. 2021; Skov et al. 2021). A
machine-learning algorithm was applied to weekly
catch time and location data from Europe, North
America, and Oceania (Australasia, Melanesia,
Micronesia, and Polynesia) between 1 January 2015
and 1 November 2021 (see Supplementary Informa-
tion, Methods: Section SM2 for specific details on the
methodology used). The extracted data enabled the
following metrics to be calculated for the three pan-
demic periods: total catches logged per week (proxy
for relative fishing effort), the number of unique users
who logged at least one fish per week (proxy for rela-
tive individual effort), the number of new users per
week (proxy for the relative number of individuals
taking up fishing for the first time), and the number of
users per week who logged a catch after not logging
one for at least one year (proxy for the relative num-
ber of individuals returning to fishing).

The second data source was based on data from sea
angling in the United Kingdom, where approximately
2% of adults participate in this fishery (Armstrong
et al. 2013). With no sea angling licence require-
ment, a sea angling diary scheme was implemented
in 2016 to report catch data, which captures data on
angler participation, effort, and catch (Hyder et al.
2020, 2021). To date, the scheme has provided catch
data from over 5000 anglers and 21,600 h of angling
activity since 2016 (Hyder et al. 2020, 2021). These
data were used to extract relevant metrics on angling
participation and effort in the three pandemic periods.

The third data source was based in Germany,
where a nation-wide, representative computer-
assisted telephone interview (CATI) screening sur-
vey was conducted between October 2020 and April
2021. This survey was designed to determine changes
in angling activities and effort during COVID-related
restrictions (Supplementary Materials: Methods, Sec-
tion SM3, for detailed methodology). The survey col-
lated general data on the proportions, socio-demo-
graphics, and heterogeneity of anglers in the German
population, providing insights into changes in angling
effort during restricted periods, including whether
effort differed between inland and marine recreational
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fisheries and the effect of age, avidity, and angling
skills (Section SM3).

The final data source was based in Denmark,
where the angling citizen science platform ‘Fang-
stjournalen’ was used (Gundelund and Skov 2021).
Extracting data from this platform on angler traits of
age, angling experience, and importance of angling as
a hobby enabled patterns to be compared between the
three pandemic periods.

Results
Interest in recreational angling: angling culturomics

Overall, compared to the pre-pandemic period, there
were considerable increases in global internet search
volumes for all of the terms that were used as indi-
cators of angling activity during the acute pandemic
period (2020), before they returned to pre-pandemic
levels in the COVID-acclimated period of 2021
(Fig. 1). This pattern was also evident in the USA and

Fishing
license

UK, where there was a clear increase in mid-2020
that generally coincided with the onset of the northern
summer and the end of the initial periods of restricted
periods in both countries. However, this pattern was
less evident in Australia, with fewer changes in the
internet search volumes in 2020, potentially due to
the “Black Summer” bushfires in eastern Australia.
Where there were increases, these were later in 2020,
likely relating to seasonal differences between the
northern and southern hemispheres (Fig. 1). There
were similar increases in the volume of internet
search terms for 11 of the 12 angler target species
analysed, with the only exception being the Austral-
ian Murray cod, Maccullochella peelii, because fish-
ing was not permitted for up to 6 months from July to
December 2020 (Fig. 2, Fig. S1). With most species
being focused in the northern hemisphere, peaks in
searches again occurred towards the middle of 2020
(i.e. summer), but were rarely sustained in 2021.

Fishing
rod

Fishing
reel

Search volume

Fishing
bait

Fishing
spots

Weeks

Weeks

Fig. 1 Time series of relative search volumes for the terms
“fishing licence”, “fishing rod”, “fishing reel”, “fishing bait”
and “fishing spots”, based on (from left to right) global Google
Trends data, as well as data for the United States, United King-
dom and Australia. Full and dashed red lines represent weekly

Weeks

values for 2020 and 2021 respectively, while blue lines and
grey shading represent median values and the range of values
for the years 2017-2019 respectively. Data were fitted with
LOESS smoothing (f=0.2). Please note the different scales of
the y-axes
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Fig. 2 Time series of relative search volumes for largemouth
bass, northern pike and trout in the United States, common
carp and sea bass in the United Kingdom, and Murray cod in
Australia, based on Google Trends data. Full and dashed red
lines represent weekly values for 2020 and 2021 respectively,

Angling licence sale data

Some, but not all, countries revealed substantially
increased licence sales in 2020 versus other years
(Table 1). In the six countries reporting increases
in 2020, these were only sustained in two countries
in 2021 (Table 1). Declines in licence sales tended
to relate to the loss of domestic and/or international
tourism.

Europe

In Denmark, annual recreational fishing licence sales
by month since 2018 revealed some marked increases
in the two months following a lockdown in March
2020, but this was not sustained in the longer-term,
with 2021 sales generally being back to pre-pandemic
levels (Fig. S2). Weekly licence sales in the same
period showed an opposite effect, with sales crash-
ing following the 2020 lockdown (Fig. S2a), presum-
ably because these mandatory licences are mainly
purchased by non-Danish tourists who were unable
to travel and/or legally enter Denmark. In England,
where a licence is only needed to fish in inland waters
with rod and line, COVID-19 restrictions in 2020
resulted in no angling in April, partial restrictions

@ Springer

Weeks

Weeks

while blue lines and grey shading represent median values and
the range of values for the years 2017-2019 respectively. Data
were fitted with LOESS smoothing (f=0.2). Please note the
different scales of the y-axes

from May to July and September to December, and
no restrictions in August. There were also no restric-
tions in 2021. Licence sales across all types increased
by 18% in 2020 compared to 2019, especially from
May to July, but returned to 2019 levels in 2021 (Fig.
S3). Licence sale data from Germany showed incon-
sistent patterns among federal states (Supplementary
materials, Results: Section SR1), with sales vary-
ing little in Bavaria with no COVID-19 alteration in
2020 (Section SR1), whereas memberships of the
state angler association of Brandenburg increased
by approximately 7% in 2020, although memberships
were already increasing prior to the COVID period
(Section SR1). Coastal fishing licences in Mecklen-
burg-Western Pomerania, which strongly depend on
domestic tourists (Arlinghaus et al. 2021), showed
clear evidence of declining sales in 2020 that contin-
ued in 2021. However, licence sales in most German
federal states require one-time completion and assess-
ment of a 30-h course (von Lukowicz 1998), so short-
term changes in licence sales are unlikely. In Norway,
where licences are mandatory for riverine fishing for
anadromous salmonids, no changes in licence sales in
2020 were apparent relative to the long-term pattern
of sales (Fig. S4).
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Table 1 Overview of patterns in recreational fishing licence
sales before and during the COVID-19 pandemic, where
‘Increase in 2020’ relates to where sales figures indicate

increased licence sales in 2020 compared to previous years,
‘Sustained increase in 2021’ refers to whether any increased
licence sales in 2020 were sustained, and n/a=not applicable

Continent Country Region/ State  Licence type  Licence dura-  Years available Increase in Sustained
tion 2020 increase in 2021
Europe Denmark n/a Mandatory Annual 2018-2021 Yes No
freshwater/ 7 day 2018-2021 No (decrease
marine during
spring lock-
down)
England n/a Freshwater All 2017-2021 Yes No
Germany Saxony Freshwater Annual 1993-2021 Yes Yes (but
positive trend
already prior
to 2020)
Germany Bavaria Freshwater Annual 2001-2020 No No
Germany Brandenburg  Freshwater Annual 1990-2020 Yes Yes (but
positive trend
already prior
to 2020)
Germany Mecklenburg-  Coast Annual 1990-2021 No No
Western
Pomerania
Norway n/a River Annual 2005-2020 No n/a
Asia Japan Nationwide Freshwater All 2020-2021 No n/a
Oceania Australia New South General 3 day, 28 day, 2010-2021 Yes n/a
Wales 1 year, 3 year  (annual)
Northern Ter-  No licence - - - -
ritory
Queensland No licence - - - -
South Aus- Impoundments
tralia only
Tasmania Fishery/spe- Annual 1995-2021 No n/a
cies (annual)
Victoria General 48-h, 3 day, 2010-2021 No n/a
28 day, (annual)
1 year, 3 year
Western Aus-  Fishery/spe- Annual 2010-2021 Yes No
tralia cies (monthly)
North America Canada Ontario All Annual 2012-2020 No? n/a
South America Brazil Nationwide All Annual 2010-2021 No n/a
(annual and
monthly,
with inter-
ruption)
Africa South Africa Marine Annual 2010-2020 No n/a

*Note that for Ontario, resident fishing licence sales increased, but non-resident fishing licence sales decreased due to travel restric-
tions, hence the overall decrease

The Americas

Canadian licence data were available for the prov-
ince of Ontario (bordering USA and the Great

Lakes), with sale data categorised by angler origin
(Table S1). The main pattern detected in these data
was a pronounced reduction in sales to non-resident
(i.e. international) anglers between 2019 and 2020
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(-89%), whereas licence sales to Ontario anglers
increased by 10% in the same period, suggesting
increased activity by anglers who had no option but
to fish locally (Table S1). In Brazil, there is a require-
ment to purchase an annual national fishing licence
for both marine and freshwater angling, with state
licences also often being required (Freire et al. 2012).
Due to management issues in Brazilian recreational
fisheries (Freire et al. 2021), licence sale data were
limited to 2010-2014 and then June 2020-July 2021.
These data suggested a relative decrease in licence
sales during the 2020 pandemic period, followed by
increases in July 2021 (Fig. S5).

Africa

Levels of recreational angling participation in South
Africa are relatively high versus other emerging
economy nations (Potts et al. 2021) and, although
participation and effort are not measured directly,
marine recreational anglers must purchase an annual
licence. Licence sale data by month suggested that
sales increased by 30% between May 2020 and April
2021 versus these periods between 2015 and 2019,
with peak sales in December 2020 and January 2021
(Fig. S6). While these increases were considered as
being related to the COVID-19 pandemic, they might
not necessarily reflect increased angling activity. For
example, while recreational angling was allowed from
beaches from June 2020, other activities (e.g., surf-
ing, hiking) were not allowed until September 2020
and so some people circumvented this prohibition on
non-angling activities by purchasing angling licences
and carrying fishing rods on the beach (but not then
fishing). Licence sales in July 2020 were low relative
to 2015-2019 due to cancelled school holidays (Fig.
S6). Non-angling beach activities were then banned
again in December 2020 and January 2021 (sum-
mer vacation period) and when the data from these
months were omitted, the average sales between 2020
and 2021 were only 2% higher than between 2015 and
2019.

Australia
Licence requirements vary between Australian states
and territories, with some not requiring licence pur-

chase and others offering licences of up to three years
duration, which makes general patterns more difficult

@ Springer

to decipher (Table 1). Licence sales (including renew-
als and new licences) showed evidence of changes
relating to the COVID-19 pandemic with up to an
11% increase from 2019/20 to 2020/21, for exam-
ple 429,177-474,517 (+11%) in New South Wales,
219,896-241,773 (+10%) in Western Australia (WA)
and 226,030-250,760 (+11%) in Victoria. Monthly
licence sales in WA suggested increased fishing activ-
ity following the commencement of the COVID-19
pandemic. Although there were no extended lock-
downs, an extended border closure prevented visitors
from entering the state, with residents encouraged to
“holiday at home”. Anecdotally, holiday accommoda-
tion and sales of boats and fishing equipment were in
high demand. Licence sales (Recreational Boat Fish-
ing and Rock Lobster) were above the 10-year median
for most months from June 2020 and in 2021 (Fig.
S7).

Asia

A COVID-19 state of emergency was initially
declared across 23 inland fisheries cooperatives
around Tokyo and Osaka (Japan) in April and May
2020. The median ratio of sales of recreational fish-
ing permits relative to April and May 2019 was only
78%, which was lower than the median of 93% for
the 196 fisheries cooperatives in other regions of the
country. This result indicates reduced sales, likely
because restrictions of the movement of people pre-
vented most, if not all, angling activities. However,
the 2020 Japanese domestic shipment value of recrea-
tional fishing equipment, in particular marine shore
fishing equipment, was the highest recorded since
2010. A small number of the inland fisheries coop-
eratives either postponed their opening dates of the
ayu Plecoglossus altivelis 2020 fishing season, or did
not open at all. This resulted in the ayu fishing season
starting on 1 July 2020, the period just following the
ending of the declaration of the state of emergency
that had been in place due to COVID-19.

Angling participation and effort

Spatiotemporal changes in effort inferred
from the smartphone app ‘Fishbrain’

All metrics derived from the smartphone app ‘Fish-
brain’ in Europe, North America, and Oceania were
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Fig.3 Weekly catches of all marine and freshwater species »
by continent reported via the Fishbrain smartphone app from

1 January 2015 to 31 October 2021. The shaded area in each
panel identifies the collective pattern of the majority of data
points, black points are anomailies that do not follow this pat-
tern (see Section SM2 for details), and the vertical black lines
signify when the acute pandemic period commenced

trending upward from 2015 to 2019 (e.g., Fig. 3, Fig.
S8), which parallels an increase in the popularity of
the app. Individual effort, overall effort, and both new
and returning anglers were muted or declined in Oce-
ania and, to a lesser extent, Europe during both the
acute and COVID-19 acclimation periods (Fig. 3, Fig.
S8). These trends are consistent with bans or limits on
recreational fishing and/or both domestic and inter-
continental travel. Indeed, Australia’s border closure
prevented recreational fishing by international tour-
ists, which represented 6% of the reported Fishbrain
catches from this region in 2019. In contrast to Oce-
ania and Europe, individual effort, overall effort, and
both new and returning anglers all increased in North
America (Fig. 3, Fig. S8). Increases were strongest in
2020, and either weakened or disappeared in 2021.

Changes in UK sea angling effort

Sea angling effort was reduced in the lockdown
period of spring 2020 versus 2019 in the UK, which
then increased to above 2019 levels in July to Septem-
ber 2020 as restrictions relaxed, and then returned to
similar levels from October 2020 (Hook et al. 2022).
The anglers also travelled less far to fish in 2020 than
2019 (Hook et al. 2022). A sub-set of these anglers
were also surveyed and revealed reductions in their
expenditures, physical activity, and well-being related
to sea angling during the acute pandemic period
(Hook et al. 2022).

Changes in angling effort in Germany

Of the 2,792 anglers interviewed in the German sur-
vey (Supplementary Materials Results: SR2), ~60%
had fished during the acute pandemic period, with
most inland anglers fishing as frequently as in
the pre-pandemic period. Only 21% of the inland
anglers fished more than usual. Although inland
anglers generally continued their fishing activi-
ties,>50% of those fishing in marine waters of
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the Baltic and North Sea reduced or stopped fish-
ing during the acute pandemic period (Fig. 4),
most likely due to travel restrictions and many of
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Fig. 4 Angling frequencies in German inland and marine (Baltic Sea and North Sea) waters during the COVID-19 restriction period
from March to May 2020 as stated by participants of the telephone survey (weighted data)

these anglers being domestic tourists (Strehlow
et al. 2012; Lewin et al. 2021). This result agreed
with the reduced coastal fishing licences sold for
the state of Mecklenburg-Western Pomerania (Sec-
tion SR2), suggesting that German tourism-based
marine recreational fisheries suffered strongly from
COVID-109 related declines. Comparisons of anglers
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in the urban federal state Berlin and anglers from
the surrounding, more rural federal state Branden-
burg revealed that most anglers in both states fished
as usual during restrictions in the acute period, with
no significant differences versus the pre-pandemic
period (Section SR2). However, angler demo-
graphics shifted towards younger and more avid/
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specialised anglers in restricted periods (Section
SR2). Anglers were also more likely to continue
fishing in restricted periods if they were members
of angling clubs, and these continuing anglers were
also more likely to consider their angling skills as
above average.

Angling citizen science platform in Denmark

Comparisons of Danish angler traits (age, angling
experience, and importance of angling as a hobby)
in periods of pre-pandemic (2018, 2019), acute pan-
demic (2020) and COVID-acclimated (2021) revealed
that angling participants in 2020 were younger, less
experienced, and more urban-based than participants
in 2018 and 2019, but with anglers in spring 2021
being more similar to pre-pandemic participants
(Figs. S9, S10). Thus, the 2020 shifts in angler char-
acteristics represented a short-term response to the
COVID-109 restrictions.

Discussion

There were some strong pandemic-related changes
in the behaviour of individual anglers and overall
patterns of interest, effort, and engagement, with
trends including a peak in online interest in recrea-
tional angling in 2020, shifts in angler behaviours
and demographics, and some changes in licence sales.
While these trends varied by region, they generally
reflected country-specific COVID-19 restrictions and
long-term patterns of sales and activity (e.g., loss
of international anglers, loss of domestic travellers,
and increased numbers of younger anglers in 2020).
There is greater uncertainty as to whether local effort
changed (although most angling effort was likely to
be more locally based due to travel restrictions), but
more evidence indicated that changes were highly
transitory and quickly reversed by 2021.

There were some context dependencies in these
results and evaluations at country and regional lev-
els. In entirety, however, we argue that they provide
a series of considerations that can contribute to the
development of more resilient, responsible, and sus-
tainable recreational fisheries (Cooke et al. 2019).
Of course, there is high uncertainty regarding the
COVID-acclimated period and what it will mean
for recreational anglers and fisheries management.

Nonetheless, we also suggest that it is important to
develop a suite of considerations that are relevant to
various actors who are involved in the recreational
fishing sector including anglers, the industry (includ-
ing outfitters and guides, manufacturers, and popular
media), scientists, fisheries managers and regulators,
and conservation bodies. We acknowledge, however,
that transitions to periods of living with COVID-19
will vary extensively based on geopolitical, cultural,
and economic factors with, for example, access to
vaccines and health care remaining more limited in
the global south. Correspondingly, some of our con-
siderations outlined below might not be universally
applicable.

Expand licensing programmes where relevant:
Angling licence regulations vary across the world,
with many regions where recreational licence pro-
grammes do not exist (Bower et al. 2020). Moreover,
even where they do exist, sale data are often unavail-
able or unreliable. We thus suggest that jurisdictions
without licensing should consider instituting (or
resuming) a licence system to better understand and
manage recreational fisheries in the post COVID-
acclimation period, given licences (including permits
or registries) provide a measure of participation and
potential fishing effort. Licences also provide a sam-
pling frame for gathering data that can inform catch,
social and economic fishery objectives, which collec-
tively support access-rights and allocation to shared
fishery resources, and also provide a means for com-
municating regulations and services, and potential
revenue to improve recreational fishing. Many regions
and jurisdictions with licence programmes invest a
proportion of the associated revenue into recreational
fisheries management (Organ et al. 2012; Peterson
and Nelson 2017; Skov et al. 2020; Sect. 3). However,
compliance with licence requirements can be low
(e.g. Spain: Gordoa et al. (2019); Brazil: Freire and
Rocha (2021)). Broader recreational fisheries govern-
ance, including licensing, might improve compliance
(Arlinghaus et al. 2019; Potts et al. 2020).

Normalise the use of culturomics to assess trends
in fishing interest: Culturomics are increasingly being
used in conservation and natural resource manage-
ment (Ladle et al. 2016) and are being embraced
for aquatic issues (Jari¢ et al. 2020a,b). Normalis-
ing their use in recreational fisheries management
should help to provide more timely data on regional,
national and/ or global trends (Lennox et al. 2022).
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These tools open up a wide range of opportunities for
acquiring new types of data on angling activities, pro-
viding managers with data on effort and catches that
were previously unavailable (Jari¢ et al. 2021; Lennox
et al. 2022), although there is a concomitant need to
determine the accuracy and precision of the patterns
they show more generally, such as whether increased
search volumes translate into elevated angling effort.

Develop strategies for angler retention and educa-
tion on responsible fishing practices: The pandemic
resulted in many new and reactivated anglers in some
countries, so attempts to retain these anglers are
important in COVID-acclimation periods. Creating
opportunities for new anglers to integrate into rec-
reational fishing communities (e.g., links to angling
clubs, organisations, and via social media) should
help retention, while also serving as a vehicle for
instilling responsible fishing practices and knowl-
edge transfer related to regulations and other manage-
ment tools. Indeed, anglers who were associated with
angling clubs in Germany remained most active dur-
ing periods of movement restrictions (see “Angling
licence sale data” section).

New and reactivated anglers may be less likely to
befamiliar with responsbile fisheries practices, local
regulations, or consumption advisories, especially as
regulations tend to be complex and open to interpre-
tation. From basic fish identification to understand-
ing the complexities of regulations, there is a need to
ensure that new anglers understand how to comply
with fisheries regulations. For example, Page and
Radomski (2006) found compliance with recreational
fishing regulations lowest among novice anglers in
Minnesota, USA. New anglers may also be unfa-
miliar with best handling practices (Brownscombe
et al. 2017), which are intended to minimise welfare
impacts and post-release mortality. New anglers may
also be unfamiliar with the complexities of using live
baitfish and the risks associated with the inter-basin
transport and release of baitfish or other live bait
(e.g., Drake and Mandrak 2014; Lewin et al. 2019).
These challenges can be overcome via education and
outreach initiatives, including mandatory courses
associated with licensing (Sexton 2021), workshops
(e.g., Delle Palme et al. 2016), social movements
(e.g., Keep Fish Wet; Danylchuk et al. 2018), and a
full behavioural strategy (Mannheim et al. 2018).
There are also opportunities to consider how nudges
(Mackay et al. 2018) and sanctioning (Guckian et al.
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2018) could result in more responsible recreational
fishing practices.

Create more urban fishing opportunities: There
was increased use of urban angling opportunities
in some regions as COVID-19 movement restric-
tions were lifted, especially among younger anglers.
Increased urbanisation (United Nations 2018) more
generally also means that urban fishing is a growth
opportunity in many jurisdictions (Arlinghaus and
Cooke 2009; McPhee 2017). As not all individu-
als have access to private, motorised transportation,
access to fishing close to home is an equity issue.
While urban fisheries are not new, we emphasise
here that they were timely given increased interest
in fishing during the acute pandemic period, and
other events in future that could result in similar
heightened interest in urban fishing. Fishing pro-
grams in urban areas can also be used to both recruit
and retain urban anglers (Balsman and Shoup 2008).
The extent of urban angling opportunities available
in Berlin, Germany, meant that anglers there were
able to engage in recreational angling in a simi-
lar manner to those in the surrounding rural areas.
Thus, considering urban fishery resources within
long-term strategies to increase angling participa-
tion is important, especially as urban anglers tend
to be more avid and committed than rural anglers
(Arlinghaus and Mehner 2004).

Consider how emerging recreational fishing can
be used to support livelihoods: Recreational fishing
generates substantial economic benefits that support
regional economies and individual livelihoods. Some
COVID-19 pandemic restrictions (e.g., limits to
shopping at fishing tackle stores, limits on access to
some fishing sites, prohibition of guiding or competi-
tive events, limits on cross-jurisdiction tourism) had
negative impacts on the recreational fishing industry
and its members, although some sectors might have
boomed (e.g. online stores). As jurisdictions transi-
tion to COVID-acclimation periods, consideration
is needed to ensure that relevant sectors can remain
vibrant and support livelihoods while also ensuring
angling participants can continue to access the ser-
vices that they require. Achieving this might need
policy adaptation through promotion of a “whole of
government” approach, and the development of rec-
reational fisheries-directed facilities and services
(Potts et al. 2022). Moreover, benefits from recrea-
tional fishing in a given area should generate benefits
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for that area rather than having them accrue to inter-
ests located elsewhere (e.g., in a different community,
different state or even different country; Bower et al.
2014; Barnett et al. 2016; Butler et al. 2020). Map-
ping this economic benefit back to data on angler
engagement (e.g., licence and permit sales) is impor-
tant to understand the relationship between angling
economics and angler engagement.

Create more opportunities for angler citizen sci-
ence and co-management: App-based effort and har-
vest data became the sole data source in many regions
during the pandemic, reflecting the growing number
of ways anglers can engage in fisheries assessment
and management that were also apparent pre-pan-
demic. For example, various citizen science programs
such as angler diaries (Cooke et al. 2000; Hyder et al.
2020; 2021) and phone-based angler apps (Venturelli
et al. 2017) were already providing opportunities
for anglers to share their observations with fisher-
ies managers (e.g., on stock assessment and angler
behaviour), and then provided data during the pan-
demic (e.g., Gundelund et al. 2021b, 2022; Skov et al.
2021). There is a general need for and great poten-
tial in citizen science programmes that also invite and
involve recreational fishers in co-management initia-
tives (Arlinghaus et al. 2019). Expanding such efforts
in the case of future pandemics and to support mod-
ern fisheries management is timely. The use of remote
methods to capture information and data was also
timely given the pandemic impacted efforts to engage
anglers in fisheries management activities as face-to-
face meetings were paused. Reinstating such efforts
rapidly to create pathways for angler engagement and
consultation in fisheries management processes will
be important to ensure diverse perspectives are con-
sidered (e.g. those unwilling or unable to engage with
App-based technologies) (Elmer et al. 2017), plus
these efforts build support and understanding for fish-
eries management actions (Reed 2008; Dedual et al.
2013). When these processes are integrated with apps
and citizen science platforms, there are substantial
opportunities for two-way communication between
anglers and managers (Venturelli et al. 2017).

Conclusions

The global COVID-19 pandemic altered many aspects
of human society, especially in relation to freedoms

and economic activity (from local to global levels).
We have demonstrated here that some considerable
changes in angling interest, behaviour and effort also
occurred in this period. While acknowledging that
the licence and effort data were imperfect, we argue
these data emphasise the importance of overcoming
these imperfections through improved data collec-
tion in recreational fisheries more generally. Indeed,
the acknowledgement that there remain substantial
gaps in our understanding of how recreational anglers
respond to changes in social circumstances more gen-
erally is a major step forward in understanding how to
overcome these issues. The collated information did
demonstrate that, whilst there was some high spatial
variability in some results, there were some distinct
patterns in both licence sales and effort, including the
loss of tourist anglers. Furthermore, people also had
to fish more locally, with these people often being
younger than most anglers who fished prior to the
pandemic. In some regions, however, we have also
seen a rapid transition back to pre-pandemic condi-
tions, suggesting that the changes were not sustained.
Thus, despite the apparent attractiveness of recrea-
tional angling during periods of high individual and
societal stress, the retention of new anglers remains
elusive. Managers and policymakers can use the data
and considerations here to ensure that their fisheries
remain accessible for the benefit of anglers of all ages
and abilities, while ensuring that these fisheries can
be used to help recruit and retain new anglers—irre-
spective of the overriding economic and public health
conditions.
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