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Executive summary

Recreational fishing, or fishing for pleasure, is widespread all around the world, where it provides numerous
social and economic benefits, including health and well-being, employment and income.

Despite its importance, recreational fishing has been poorly quantified. Beyond localized studies there is little
information on fisher numbers, catch sizes, species or the intensity of fishing from place to place. Without
such detail, it is challenging to make the case for appropriate management. Without management, recreational
fishing may struggle to remain sustainable, or may suffer from competition with other fisheries, or from other
impacts such as pollution. Conversely, appropriate management of recreational fisheries can lead to enhanced
catches, greater engagement and longer-term benefits across societies, while also generating benefits for
conservation.

The current work explores marine recreational fishing (MRF), looking at possible approaches to rectify this
information shortfall. Focusing primarily on user-generated content from a single recreational fisher app,
Fishbrain, it explores marine and coastal recreational fishing around the world. These findings are enhanced
with an additional literature review of fisher numbers and economic values from multiple sources.

Over a million distinct catch records were assessed, covering over 2100 marine and coastal fish species.
These were caught by 250,000 fishers.

Catches were recorded across 184 countries, although the focus was on 39 countries deemed to have data at
sufficient resolution for further investigation. These 39 countries covered over 98% of users and 99% of catches
in the dataset. They included the USA, Canada, Australia and multiple European nations where MRF is of
particular importance, as well as a number of smaller nations such as the Bahamas and Costa Rica where MRF is
an important economic sector.

Maps were prepared at different resolutions based on data richness, highlighting fishing intensity at the national
level (normalized by country totals). All 39 countries were mapped at 20km resolution, with 14 of these
mapped at 10km and 7 of these also mapped at 2km resolution. While lower resolutions only show general
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patterns, the higher resolution maps show clear patterns of use intensity, for example showing the particular
importance around population and tourism centers. Such information can greatly support planning and
management.

A subset of 44 pelagic game fish species (billfishes, Spanish mackerel and tunas) was given further attention.
These species are highly sought-after, driving a small but high-value segment of MRF. Maps of these high value
pelagic game fish catches highlight the increasing proportion of such fish in catches with distance from shore,
and show key hotspots, mostly in warmer waters.

Utilizing information on the origin of fishers, we show the variation in national versus international fishing effort.
International fishers make up an increasing proportion of fishers in lower-income countries, and also make up
a higher proportion of the pelagic game fish catches.

Diverse sources identified total marine recreational fisher numbers for 32 countries, including many larger
countries where MRF is popular. These represent 23 million fishers in total, and these marine recreational
fishers account for about 2% of the total population of those countries with available data. Participation rates
were highest in developed countries, notably New Zealand, Norway and Iceland, and were much lower in poorer
countries.

Comparable economic expenditure data (confined to studies that take a holistic definition including travel,
accommodation and other expenses) was found for 24 countries. The combined values for these 24 countries
are some US$79 billion per year, a number strongly driven by the USA. As a contribution to GDP such numbers
vary considerably, but are highest for the Bahamas and Puerto Rico, but also high for a mix of wealthy countries
such as New Zealand and the USA, and for less wealthy countries including Costa Rica, Cape Verde and Namibia.
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Introduction

Recreational fishing in coastal and offshore waters (marine recreational fishing, MRF) is a globally distributed,
high value recreational activity, generating multiple benefits including health and wellbeing, the direct provision
of jobs and income, and ancillary benefits in travel and accommodation, and even conservation benefits where
such fisheries lead to more focused management (Hyder et al. 2020). Despite such apparent values, the
guantification and mapping of MRF values remains rare, and these benefits can be overlooked in wider
processes of natural resources management (Scheufele and Pascoe 2022). This work explores new methods for
the quantification and valuation of MRF, with a strong focus on user-generated content (UGC) from recreational
fishers and key market suppliers. Although preliminary in nature, it also highlights initial values for selected
countries, whilst illustrating approaches that might be further developed in the generation of more reliable and
detailed future efforts either at large scale or for local or national studies.

Recreational fishing is defined as fishing of aquatic animals (mainly fish) that do not constitute the individual's
primary resource to meet basic nutritional needs, and are not generally sold or otherwise traded on export,
domestic, or black markets (FAO 2012). Recreational fishers often outnumber commercial fishers severalfold,
especially in developed countries. Arlinghaus et al. (2019) estimated that there were some 220 million
recreational fishers globally: five times more than commercial fishers. In Australia, one in five people go fishing
for recreation at least annually (Moore et al. 2023). Such numbers underpin a deep societal value, as well as
potentially very large economic values and cascades that have often been overlooked in planning (Arlinghaus et
al. 2019).

The contribution of recreational fishing to total catches, by contrast, remains small, at least at the global scale.
MRF catch was estimated at 900,000 tonnes in 2014, with statistics dominated by Asia, North America, and
Europe (Freire et al. 2020). At around 1% of total marine catch that year, a key message from this statistic may
be that recreational fisheries values need to be measured in terms other than tonnage.

Value can be measured in many ways, including monetary values and community welfare metrics, such as the
provision of jobs. Australia’s recreational fisheries have been estimated to contribute AUS$11 billion annually to
the national economy and support 100,000 jobs (Moore et al. 2023). In Southeast Florida, recreational fishing on
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coral reefs (not including offshore or pelagic game fishing) was estimated to be generating 3,787 jobs and an
annual economic output of $384 million (Wallmo et al. 2021).

The importance of recreational fishing clearly varies considerably between countries, and although national
fishers dominate statistics in more developed countries, the role of international tourists becomes increasingly
important in many poorer countries (Freire et al. 2020), especially in coastal and marine settings (Bower et al.
2020). In all cases across this spectrum from domestic to international dominance, however, recreational fishing
can make a clear contribution to local economies and livelihoods (Barnett et al. 2016).

It is important to note that, although recreational fishing can represent high values for relatively low catches, it
can still have negative impacts (Lewin et al. 2019). Governance of recreational fishing is often weak or non-
existent (Potts et al. 2020). Even when rules are in place, some recreational fishers routinely break them
(Bergseth et al. 2017). Recreational fishing can also drive or maintain stock declines, especially if it is less
regulated than commercial fisheries (e.g., Blamey and Bolton 2018). The removal of larger predators can have
cascade effects, as was noted in US Atlantic coastal saltmarshes when high recreational fishing of predators led
to a profusion of crabs, increasing herbivory and driving the collapse of some marsh areas (Altieri et al. 2012). It
has also been pointed out that, because recreational fishing is not profit-dependent, the self-regulation that
might appear with declining stocks and reductions in catch-per-unit-effort may not affect such fisheries, which
have been described as self-subsidizing (Kleiven et al. 2020).

Understanding the value and impact of recreational fishing can play a critical role in wider natural resource
management. Like all fisheries, recreational fisheries depend on healthy fish stocks, and in some cases on critical
habitats. Unsustainable practices could have far-reaching impacts on ecosystems, and on the social and
economic benefits that come from such fishing. Understanding value, and human dependence on such value, by
contrast, can support planning, and enable recreational fishing to be appropriately managed alongside other
marine activities, which may be compatible with such fishing. Maps showing the spatial distribution of
recreational fishing can provide a critical layer in coastal and marine spatial planning (Spalding et al. 2023).

In the absence of direct reporting of catches or expenditure, or on the spatial distribution of recreational fishing,
there may still be opportunities to quantify and map such values through indirect means. Early work by The
Nature Conservancy (TNC) showed the potential for utilizing UGC to understanding patterns of nature-
dependent activities in tourism and recreation, including fishing, in-water activities on coral reefs, and bird
watching (Spalding et al. 2017, Spalding and Parrett 2019, Spalding et al. 2023). Fisheries-specific examples that
use text and data mining approaches are abundant. These include studies of recreational fishing of seabass in
Wales (Monkman et al. 2018), dentex and bluefish in the Mediterranean (Sbragaglia et al. 2020, Eryasar and
Saygu 2022), popular species in the Eastern Caribbean (Spalding et al. 2023), flounder and sharks in the United
States (Shiffman et al. 2017, Hall et al. 2022), threatened species in the Southern Atlantic Ocean (Martinazzo et
al. 2022), near-shore species in Hawaiian Islands (Grabowski et al. 2023) — as well as global assessments of drone
fishing (Winkler et al. 2022), COVID-19 pandemics on fishing (Britton et al. 2023), and fishing interest (Wilde and
Pope 2013, but see Ficetola 2013, McCallum and Bury 2014). Similarly, studies have mined data from portable
fish finders to understand recreational fishing effort and behavior (Fricke et al. 2020, Dainys et al. 2022,
Audzijonyte et al. 2023).

Venturelli et al. (2017) proposed the use of fisher smartphone apps as a source of recreational fisheries data,
and Skov et al. (2021) found that fisheries experts from 20, mostly European, countries supported using such
app data to describe spatiotemporal variation in recreational fishing effort. Studies of this nature have been
carried out in Canada (Papenfuss et al. 2015, Johnston et al. 2022), Denmark (Gundelund and Skov 2021,
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Gundelund et al. 2021 and 2023), the United Kingdom (Hook et al. 2022), and the United States (Jiorle et al.
2016, DePiper et al. 2023). They show that app data can generate reliable estimates of effort, especially at
relatively coarse scales (e.g., annually or regionally). Other relevant applications of app data include catch and
harvest rates (Liu et al. 2017, Gundelund et al. 2020, 2021 and 2023, Gundelund and Skov 2021, Johnston et al.
2022, Hook et al. 2022, Skov et al. 2022), and the species composition of the catch (Gundelund et al. 2021, Skov
et al. 2022).

In this study, we examined the utility of “big data” from global datasets and UGC to explore the feasibility of
mapping MRF, and of further exploring such value in monetary or other terms. Our starting point was data from
the recreational fishing app, Fishbrain, given its popularity and proven potential in understanding spatial fishing
patterns in the United States and Canada (Martin 2017, Weir et al. 2022, McDonald et al. in press). We
complemented these data with data from additional sources, namely FishBase (a global database of biological
information about almost 35,000 fish species; Froese and Pauly 2024), the Sea Around Us Project (Freire et al.
2020), and two literature searches. Given the preliminary nature of the work and the limitations of some of the
data, we focused our attention on a subset of countries for which data availability was high, and TNC had
ongoing or potential conservation interests. We present these findings, alongside proposals for future research
and the application of such approaches to develop consistent methodologies at global to local scales.
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Methods

Here we describe how we processed and mapped catch records of marine and brackish species (henceforth
marine species) from the Fishbrain app, and obtained supporting information, in particular targeting countries
that TNC considered to be a high priority (Figure 1). Briefly, we extracted catches of marine species that
occurred within the coastal area of any country or territory (henceforth country), and then mapped these data
for a subset of countries that were relatively well-represented in the Fishbrain dataset and appeared to have
high marine recreational fishing participation rates. In parallel with this effort, we conducted online searches to
obtained information on the numbers of marine recreational fishers and the economic impacts of marine
recreational fishing for any of these countries.

Fishbrain
data

FishBase

Data (taxonomy and < ﬂ
environment)

Filter for
kish/marin

Assign country
based on catch
coordinates

Sea Around Us
(recreational catch
and value)

Online mixed sources
(structured search)

Classify high-value
pelagics

Categorize users and
catches as domestic/
international

Filter for
ich countsi

Convert ecopomic values tt? US$ and Cilter based oﬁ engageme
standardize to 2023 equivalent h densit

39
mappable
countries

Up to 63
countries*

National statistics: Gridded maps: total catch, pelagic
Catches, economic value, Fishbrain game fish, users and international
user engagement users (scaled based on data density

*Available statistics for each country vary by source, but some numbers obtained for each of 63 countries

Figure 1: Flow diagram showing our process for mapping marine catches reported through Fishbrain, and
obtaining supporting information.
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1. App-based catch data

We obtained over 11 years (December 2011 to April 2023) of anonymized global, recreational fishing data via a
data sharing agreement with the popular Fishbrain app. The app is free, and available in English, Spanish,
Portuguese, French, Japanese, and Swedish. Fishers use the app to record and share the photos and attributes
of the fish that they catch (Figure 2). We used four catch attributes for this study — date, time, location, and
species — plus two fisher attributes that were associated with each catch — a unique, but anonymized, fisher ID,
and the country of residence that each fisher indicated when registering for the app.

The app obtains catch date, time and location
automatically from the photo. If photo data are e i

not available, the user can add them manually. @ togcaich 8 addpont
Fishers enter the common name of their catch,
often by choosing from a ranked list that the app
generated via a proprietary image recognition
algorithm that is applied to the catch photo. The
app then pulls the corresponding scientific name
from a proprietary reference list. Only scientific
names were shared with us for this study.

Catch ovorview

Select photo
Yoo Mo

Recents «
Jun 19, 2023 at 6:58PM
Select each catch

Bait & gear used

+

Location & privocy

Figure 2: User flow diagram for logging a catch
via the Fishbrain smartphone application. 1)
Users start a new catch via the home screen
“Log catch” button, (information related to the
featured catch is obscured in this image) 2)
select their catch photo, 3) review location
information (pin and waterbody name) and
associated level of privacy, and 4) enter optional
data about the catch (species, size, whether it
was released, etc.). Locations and time stamps
can be populated automatically or manually.
(Screenshots are from one of the authors’ (PV)
Fishbrain accounts, with permission.)

Wanzatika Lake >

Share exact spot >

o sW

Private noto

Log catch

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 10



Species selection

We used the ‘rfishbase’ package (Boettiger et al. 2012) in R version 4.3.0 (R Core Team 2023) to extract the
following information about each species from FishBase (www.fishbase.org): common name, Family, Order, and
environment (freshwater, brackish, or marine). If a species was categorized as either strictly marine or marine
and brackish, then we also obtained its primary habitat association via the DemersPelag variable
(bathydemersal, bathypelagic, benthopelagic, demersal, pelagic, pelagic-neritic, pelagic-oceanic, or reef-
associated).

One key interest was to explore the data on high-value offshore rod and line recreational fishing. Although
multiple species may be caught offshore, a subset of species is almost exclusively caught by boat-based, game-
fishing ventures. These target fish are typically highly active, physically large species that provide a “fight” when
hooked. To avoid overlap with other offshore fishing methods, we created a subcategory of pelagic game fishes
that are primarily targeted by such fishing approaches. Our list included 44 species from the Fishbrain database
(Table S1): billfishes (Families Istiophoridae and Xiphiidae), Spanish mackerel (Tribe Scomberomorini) and tunas
(Tribe Thunnini) in the Family Scombridae, and Dolphinfish or Mahi-mahi (Coryphaena hippurus) in the Family
Coryphaenidae. We excluded two tribes within the Family Scombridae — smaller mackerels (Tribe Scombrini) and
bonitos (Tribe Sardini) — because they are often caught by other methods and/or in the nearshore, and are not
primary targets for offshore, pelagic game fishing.

Country assignment

We used a multi-step process to assign each catch of a marine species to a country. We first developed a coastal
and marine extent layer for every country by using the National Oceanic and Atmospheric Administration’s
coastal shapefile (Wessel & Smith, 1996) to define all coastlines. We created a buffer 2 km inland from
coastlines to account for coastline complexity (e.g., estuaries and lagoons) and incorrect catch locations (e.g.,
because of geolocation errors or fishers logging marine catches from shore without location tracking). We joined
this inland buffer to an offshore buffer that extended 200 nautical miles (370 km) out to the edge of each
country’s Exclusive Economic Zone (EEZ) using the GADM database of Global Administrative Areas (GADM,
2020). All catches of marine species within this coastal and marine extent were assigned to the correct country.
For the few cases in which a catch was associated with two countries due to overlapping buffer areas, we
assigned the catch to the nearest country. Finally, we used the assigned country of the catch and the self-
reported country of origin of the fisher to categorize each catch as either domestic (national) or international.

We summarized catch data by both country and species. Summary metrics for each country included total
fishers and catches, and fishers and catches by fisher origin (domestic or international). Country-specific catch
data were for all species as well as pelagic game fishes. Similarly, for each species, we summarized total catches,
catches by fisher origin, the number of countries in which each species was caught, regardless of origin, and the
number of countries in which each species was caught by fisher origin.

Country selection

In seeking to use recorded catches as a proxy for overall recreational fishing effort, we needed to have some
assurances that the Fishbrain data were representative. Although the filtered dataset included >250,000 marine
and coastal fishers registered in 184 countries, there was considerable geographic variability in reporting. Over
three-quarters of both user and marine catch records were from the United States, and only ~50 other countries
had >200 records of marine catches.
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We chose to focus our attention for subsequent data gathering on countries that were relatively well-
represented in the Fishbrain dataset, and to further select countries in places or regions in which TNC had an
active field program or other interest. Relatively data-rich countries were first filtered by a simple threshold that
excluded countries with <50 users or <90 catches. The only exception was Barbados (40 users and 79 catches),
which is a small country (440 km?, population 282,000) in which TNC is actively working.

We generated two additional variables to further inform decisions regarding the removal of countries that were
unlikely to be well represented: catch density (catches per 100 km of coastline length) and the degree of
engagement in recreational fishing represented in the Fishbrain data (users per million of 2020 population; The
World Bank 2023). The latter was intended as an indication of likely reporting reliability. Countries with
extensive coastlines might risk being removed based on catch density, but allowance was made where countries
have extensive remote or sparsely populated coastlines (Table 1). Degree of engagement is most useful for
countries in which the catch records are largely determined by national users, and we used this variable when
looking at countries in which >50% of users were national.

Mapping fishing intensity

Catch locations from Fishbrain were intended to be used as indicative locations of fishing activity, with higher
densities of catches indicating likely locations of higher use by recreational fishing more generally. We gridded
this catch information following prior approaches involving UGC data for tourism mapping (e.g., Wood et al,
2013) to reduce dimensionality and improve visual representation and computational efficiency. Given that the
number of catch reports varied among countries, we used a tiered and nested grid system to facilitate among-
country comparisons. We used 20, 10, and 2 km grids for countries that had 20-70, 71-300, and >300 catches per
100 km of coastline, respectively. Thirty-nine “mappable” countries had sufficient information for this mapping
at least at the 20km resolution (Table 1). All countries that were mapped at higher resolutions were also
mapped at lower resolutions. This allowed for the presentation of a “global”
the lowest resolution.

consistent map for all countries at
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Table 1. Thirty-nine countries mapped at different resolutions based on total catches and users, catches per 100
km of coastline, and users per million people. Notes on selection criteria and exceptions are footnoted, and TNC
priority countries are highlighted with an asterisk *. Higher resolution countries were also mapped at lower

resolutions to facilitate comparisons among countries.

High resolution (2 km grid)

Medium resolution (10 km grid)

Low resolution (20 km grid)

Countries with >190 catches per
100 km of coastline, >100 users,
and >220 catches.

Countries with >30 catches per 100
km of coastline

Selected countries only. Most have
>10 catches per 100 km of coastline.

Aruba

Australia*
Bermuda®

Puerto Rico*
Singapore?®

U.S. Virgin Islands*
United States*

Bahamas®*
Barbados*

Belize*

British Virgin Islands
The Cayman Islands
Costa Rica*

Guam*

Ireland

Mauritius*

Mexico*

Sweden

Turks & Caicos Islands
UK

United Arab Emirates

Brazil“*

Canada®*
Denmark
Dominican Republic*
Finland

France

Honduras
Jamaica*
Maldives*
Netherlands

New Zealand*
Norway

Panama*

Portugal

South Africa®*
Spain

St. Lucia*

Trinidad & Tobago

*TNC priority country

a Except for Singapore, each of the high resolution countries has >265 users per million inhabitants and >850 catches per million
inhabitants. Singapore had 48 users and 172 catches per million, but with a highly urbanized population it was felt that such a low
proportion was to be expected. Bermuda has only 124 catches per 100 km of coastline, but was included out of interest.

bBahamas in the medium resolution countries, with 18 catches per 100 km because it has extensive coastlines with very low population
and presumably little to no recreational fishing on these coasts.
¢Catches in South Africa (70/100 km) were included in this group despite slightly higher scores because reporting appears to be
inconsistent, and because the records suggest a high proportion of recording is by national users (>90%), but these make up a very small
part of the overall population (13 per million).
dCanada and Finland were included despite lower scores as both have complex (and therefore long) coastlines, and both have high
proportional representation of fishing in the total population (Finland = 53 users per million, Canada at 143). In particular, Canada has
extensive and largely unfished coastlines, notably along its Arctic shores.
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Spatial gridding

We applied at least one grid to the EEZ of each country depending on the assigned resolution of the country: 2x2
km grids for high-resolution countries, 10x10 km grids for high-and medium-resolution countries, and 20x20
grids for high-, medium-, and low-resolution countries. Each grid initially contained the following information
from the filtered Fishbrain dataset: total catches, total catches by international users, total catches of pelagic
game fishes, and the number of unique international users. We summarized each of these metrics via a
standardized, within-country decile-score to facilitate visual comparisons among countries. Scores were from 1-
10, with 1 representing the bottom 10% of values for a country, 2 representing the next 10%, etc. The only
exceptions were countries that had <10 unique values for a metric (i.e., fewer unique values than classes). In
these cases, the number of classes was equal to the number of unique values. For example, Aruba had only 8
distinct values for pelagic catches (0, 1, 2, 3, 4, 5, 16, and 74), so its scale only ranged from 1-8. Finally, we joined
all country-specific grids of the same resolution into a single grid at that resolution. The result was three global
grids: one at each of high-, medium-, and low-resolution. We also mapped percent pelagic catch and percent
unique international users by cell.

2. Supporting information

We sought country-specific information on the numbers of marine recreational fishers and the economic
impacts of marine recreational fishing to gauge the overall importance of recreational fishing in different
countries, and provide further context to the data and maps that were derived from the Fishbrain data. In
addition to targeting the 39 countries for which we could map Fishbrain data (Table 1), we sought information
for 60 “priority” countries in which TNC is actively involved or has an interest. The original list included Comoros,
but it did not have any catch data. Nineteen of the priority countries were already on the mapped list, so our
final list included 80 countries (20 mapped only, 41 priority-only, and 19 both). Table S2 includes summary
information for those countries where the data met our minimum criteria.

Number of marine recreational fishers

We used the Google search engine from May to August 2023 to conduct a structured, online search for any
sources (government, NGO, industry, academic) that indicated the number of coastal and marine recreational
fishers by country. Our search term was a single question with all combinations of specific keywords: How many
(Marine OR Saltwater) (Recreational OR Sport OR Game) (Anglers OR Fishers OR Fishermen) are there in
[country of interest]? We conducted a secondary search by applying forward and backward reference chaining
to all sources that we found. If neither approach was successful, then we requested this information from at
least one appropriate governmental or non-governmental organization via email. We recorded the number of
coastal and marine recreational fishers in a country, the source, the year that the data were obtained in the
original source, and any explanatory notes and definitions. We also recorded the total number of freshwater
and/or total recreational fishers if this information was available.

Expenditures by marine recreational fishers

We conducted a parallel Google search with reference chaining and emailing to identify estimates of annual
coastal and marine recreational fishing expenditures by country. Our search term was (Marine OR Saltwater)
AND Recreational? AND Fishing AND Economic® AND [country of interest]?, where superscripts identify the order
in which quotations were added to each search term when a search was unsuccessful. For example, if Saltwater
AND Recreational AND Fishing AND Economic AND Italy did not generate a source, then we tried Saltwater AND
Recreational AND Fishing AND Economic AND “Italy” followed by Saltwater AND “Recreational” AND Fishing
AND Economic AND “Italy”. We recorded annual coastal and marine recreational fishing expenditures by
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country, the source, the year that the data were obtained in the original source, and any explanatory notes and
definitions. We facilitated comparisons among countries by converting all expenditures to United States Dollars
(USD) via www.exchangerates.org.uk and the average exchange rate for the year that the data were collected,
and then converting all USD to USD in October 2023 via the U.S. Bureau of Labor Statistics' online Consumer
Price Index calculator (data.bls.gov/cgi-bin/cpicalc.pl).

We developed a regression model to estimate expenditures for the TNC priority countries for which we could
not obtain data. Candidate variables included all users and catches, international users and catches, domestic
users and catches (all from Fishbrain), the number of marine recreational fishers, and the annual landed tonnage
and value of the reconstructed marine recreational catch (mean of 2017-2019; www.seaaroundus.org). We
intended to apply Akaike information criterion (AIC) to select among all possible models based on all available

variables and data, but changed our approach after an initial exploration of the data revealed that i) many of our
predictor variables were correlated with each other but not expenditures, and ii) the global dataset (range $280
thousand to $59 billion) was biasing models close to the origin where we need to make predictions. Therefore,
we constrained our model to a smaller subset of variables, and data from countries with annual expenses <5200
million.

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 15



Results

1. App-based catch data

Our final dataset comprised 1,007,069 marine catches that were logged in 184 countries from December 2011
to April 2023; another 31 countries had no catches, but users from these countries logged a small number of
catches (223) in other countries. These catches were made by some 260,000 users, of whom 19,000 logged
international catches (outside their country of registration). Summary numbers are presented in Table 2 and
Table S1.

The 39, relatively data-rich countries that we mapped represented 99% of all catches and 98% of all users. Maps
of these data showed high spatial variability at both global and local scales. For example, a global map of
normalized catches showed that recreational fishing extends quite far offshore in the southeastern United
States, and that for a number of countries (Brazil, Australia, New Zealand, South Africa) fishing intensity appears
to correlate well with population density. A variant on this is for countries with a greater dependence on
tourism, fishing intensity appears to correlate with tourism activities (e.g. Mexico, Costa Rica, Dominican
Republic) (Figure 3). These tourism-driven patterns are also seen at finer resolutions, for example in Figure 4b,
where onshore catches in the Mexican Caribbean move to offshore atolls and barrier islands in Belize. Similarly,
high-resolution mapping (2-km grid) around Puerto Rico showed that most catches were relatively close to shore
(Figure 5) — likely in association with populations centers and launch locations (Figure 5). See Figures S1-S11 for
more regional maps of normalized catch at the 20-km resolution.

Table 2. Fishbrain catch and user data associated with marine species for the top-20 countries by catch.
International users were those who reported a catch in a country that was different from their home country
according to their app registration information, and international catches were catches in a country that were
reported by international users. Pelagic game fishes are defined in the Species selection section of the Methods.
The last row is totals and percentages for all 215 countries and territories in the dataset, rounded to 2 significant
figures. See Table S1 for further information. All top-20 countries met our mapping criteria except for Japan (only
6 catches per 100 km of shoreline and 4 users per million people).

Unique users Catches

Country or territory All International ;i:rir:tional All International = Total pelagic ’F::Ir:;r::t
United States Very high High <1% Very high High Very high <1%
Australia High High = 1-10% High High High = 1-10%
UK Medium Medium | 1-10% Medium Medium Medium | 1-10%
Norway Medium High 30-40% Medium High Medium = 10-20%
Mexico Medium Very high  80-90% Medium Very high High  70-80%
Canada Medium Medium = 10-20% Medium Medium Medium | 1-10%
Sweden Medium Low | 1-10% Medium Low Medium | 1-10%
Brazil Medium Very low 1-10% Low Very low Low | 1-10%
New Zealand Low Low | 10-20% Low Low Low = 10-20%
Denmark Low Low @ 10-20% Low Low Low 10-20%
Ireland Low Low @ 20-30% Low Very low Low 10-20%
Spain Low Low | 30-40% Low Medium Low 30-40%
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Unique users Catches

P P
Country or territory All International | . ercent. All International | Total pelagic erce.n t

international pelagic
Puerto Rico Low Medium = 70-80% Low Medium Low 50-60%

Low 10-20%
70-80%

20-30%

South Africa ow | Verylow| 10-20%
Costa Rica Low Medium | 10-20% Medium

Bahamas Low High ‘

France 20-30% 10-20%
TOTAL (all countries) ‘ 260,000 19,000 7% | 1,000,000 40,000 42,000 4%

20-30%
Numbers in the colored cells represent a summary of the proportion of the global total falling to each country.

Medium

United Arab Emirates

Portugal

For all users and catches these broadly correspond to the following classes: Very high, >70% of global total; High, >10%,; Medium, >0.8%;
Low, >0.25%; and Very low, >0.1%

For all international users and catches: Very high, >15% of global total; High, >5%,; Medium, >2%; Low, >1%, and Very low, >0.3%

For pelagic catches: Very high, >65% of global total; High, >8%; Medium, >0.5%; Low, >0.1%; and Very low, >0.005%
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Figure 3. The global distribution and relative intensity of marine recreational catches among the 39 countries and territories that were relatively
well-represented in the Fishbrain dataset and appeared to have high marine recreational fishing participation rates (Table 1). Data were mapped
using a 20 km grid and colour-coded using a within-country decile score to facilitate among-country comparisons. Regional maps are available as
Supplementary Material (Figures S1-S11).
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Figure 4. The distribution and relative intensity of marine recreational catches around the Yucatan Peninsula
(Belize, Honduras, and Mexico) and The Cayman Islands at (A) 20- and (B) 10-km resolutions. Each cell was
colour-coded using a within-country decile score to highlight relative differences and facilitate among-country

comparisons. Catches that were associated with Honduras were not mapped onto the 10-km grid because catch
rates, catch densitis, and participation rates were deemed to be too low to show reliable spatial patterns at this

resolution.
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Figure 5. The distribution and relative intensity of marine recreational catches around Puerto Rico, the British
and U.S. Virgin Islands at (A) 10- and (B) 2-km resolutions. Each cell was colour-coded using a within-country
decile score to highlight relative differences and facilitate among-country comparisons. Catches that were
associated with the British U.S. Virgin Islands were not mapped onto the 2-km grid because catch rates, catch
densities, and participation rates were deemed to be too low to show reliable spatial patterns at this resolution.
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The proportion of international users and catches by international users was highly variable among countries

(Figure 6). For example, catches by international users among countries with at least 200 catches and 100 users

ranged from 1% in the United States to 99% in the US Virgin Islands (Table 3). The 10 lowest rates of
international catches tended to be associated with large, sub-tropical or temperate countries. Conversely, the

10 highest rates of international catches were associated with small, tropical or sub-tropical countries. Countries

in both groups tended to be high- or upper-middle income. The only exceptions were Madagascar and
Mozambique, two low-income countries in the high international catch group.

Table 3. The top-10 and bottom-10 countries and territories by percent of marine-recreational catches that were
reported by international users. Only countries with at least 200 catches and 100 users were considered (n = 48).

Economic status was based on World Bank gross national income thresholds for 2023.

Users Catches Country information

Country or territory Total Percent | Total Percent | Economic status Climate zone(s)

inter- inter-

national national
U.S. Virgin Islands 251-500 98 501-1000 99 High Tropical
Turks & Caicos Islands | <250 99 251-500 99 High Tropical
Belize 251-500 96 501-1000 98 Upper-middle Tropical
Bahamas 1001-2000 95 1001-2000 94 High Sub-tropical
Aruba <250 94 251-500 94 High Tropical
Bermuda <250 92 <250 90 High Sub-tropical
Cuba <250 90 251-500 89 Upper-middle Tropical
Dominican Republic 251-500 93 501-1000 87 Upper-middle Tropical
Cayman Islands <250 90 <250 87 High Tropical
Fiji <250 93 <250 80 Upper-middle Tropical
Singapore 251-500 14 501-1000 12 High Tropical
Finland 251-500 13 251-500 11 High Temperate/Frigid
Canada 2001-5000 17 5001-10,000 10 High Temperate
Argentina <250 9 251-500 7 Upper-middle Temperate
UK 5001-10,000 9 10,001-50,000 5 High Temperate
Sweden 2001-5000 7 5001-10,000 5 High Temperate
South Africa 501-1000 11 2001-5000 5 Upper-middle Sub-tropical
Brazil 2001-5000 5 5001-10,000 4 Upper-middle Tropical
Australia 10,001-50,000 @4 100,001-250,000 3 High Tropical to Temperate
United States >100,000 1 >750,000 1 High Temperate/Sub-Tropical
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Figure 6. Percent international catches at the 20-km resolution for the middle Americas. The map clearly shows the considerable dominance of
international fishers in some countries (e.qg. the Bahamas, 94% across all catches), and their absence from others (United States 1%), with Mexico

(76%) showing a mixed picture depending on the coastal region.
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The final Fishbrain dataset contained over one million catch records for 2,114 marine and brackish fish species.
Given that over three-quarters of catches were from the United States, the most reported species tended to be
popular U.S. sportfishes (notably drums (Sciaenidae) and temperate basses (Moronidae) which make up over
20% of all catches). Other highly reported species include common Australian targets such as flatheads, and
seabreams (about 6% of all catches).

Half of the catches were of demersal species that are typically caught on or near the bottom in <50 m of water.
Another 30% were reef-associated species. Pelagic (i.e., open-water) species made up ~10% of the catch. This
included 42,600 catches of high-value pelagic game fishes as described above (40% of the pelagic catch, 4% of
the total catch). The offshore nature of the pelagic game fish fishery is evident in Figure 7. Interestingly, 17% of
pelagic game fish catches were reported by international users; a high value considering that international users
were responsible for only 4% of catches in the global dataset. Catches of pelagic game fish among tropical
countries made up 35-55% of the catch in countries like Aruba, Costa Rica, Dominican Republic, Guatemala,
Mexico, and Mozambique (mean 87% international users), but only 1-10% of the catch in countries like Brazil,
Cuba, Indonesia, Philippines, Puerto Rico, and Singapore (mean 45% international users). Belize was a clear
outlier with only 7% high-value pelagics despite 96% international users.
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Figure 7. The proportion of pelagic game fish catches at the 20-km resolution for the middle Americas.
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2. Supporting information

The availability of supporting information was low for fisher and expenditure data (obtained from the literature),
but high for landings data (obtained from the Sea Around Us project). After removing unreliable data (due to age
or unclear metrics), MRF expenditure data was found for 24 countries, while fisher numbers were found for 32
countries.

For expenditure, numbers were only reported if they were considered to broadly follow the approach of
Southwick, et al. (2016), with a broad definition to include travel, accommodation, food, gifts/souvenirs,
entertainment, clothing, fishing tackle, guide fees, vehicle purchases, rentals and maintenance, donations, and
personal items. Numbers from the highest-ranking countries are included in Table 5, below with all findings
provided in Table S2). Hyder et al. (2018) accounted for approximately half of all data; the rest were extracted
from primary and secondary sources that we found through online searches and reference chaining (i.e.,
snowballing). We found no additional information through email.

The highest numbers of marine recreational fishers were recorded from USA (13.8 million), but with large
numbers across Europe and in New Zealand (704,000), South Africa (548,000) and Brazil (435,000). In general,
numbers were low or very low for lower-income countries, as these numbers refer to resident rather than
tourist fishers. Participation per capita was lowest in Angola (36 fishers per million inhabitants), Ghana (117),
and Cape Verde (126), and highest in New Zealand (137,482), Norway (238,871) and Iceland (281,065).

Annual MRF expenditures for those countries with comparable estimates, expressed in October 2023 USD,
ranged from $3.15 million (Angola) to $1.25 billion (Puerto Rico) to $59 billion for the USA. Of course larger
countries tend to dominate such statistics, but it is notable that the contribution of such expenditure to the
overall economy follows a different pattern, with expenditures in the Bahamas reaching over 5% of GDP and
almost 1% for Puerto Rico. Although of considerable interest and value, such numbers should be treated with
some caution as they represent a combination of data from diverse sources.

Table 5. Annual MRF expenditures and fisher numbers for the most important countries (either with expenditure
of more than S600 million or more than 600,000 recreational fishers). Expenditure numbers are expressed in
millions of 2023 USD. These values are also expressed as a proportion of 2023 GDP PPP and 2020 population
(World Bank statistics). See Table S2 for data from all countries as well as source information.

Annual fishing Fishing expenses | Total marine Marine fishers per
expenses (millions as proportion of recreational million of
Country 2023 USD) GDP fishers population
Bahamas $693.79 5.247%
Brazil $661.60 0.016% 435,000 2,085
Canada $11,443.29 0.510%
Costa Rica $613.46 0.457%
France 1,319,000 19,512
Greece 730,514 68,281
Italy $378.48 0.012% 800,000 13,459
New Zealand $871.11 0.342% 704,473 138,398
Norway 1,285,000 238,871
Puerto Rico $1,254.27 0.910% 126,674 38,602
UK $2,909.44 0.078% 1,150,000 17,143
USA $59,125.99 0.237% 13,800,000 41,626
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Landings data from The Sea Around Us project were gathered for 37 countries. Mean annual recreational
landings were lowest in lower income small island states such as St Kitts and Nevis, Grenada and The Maldives
(1-1.5 tonnes, valued between $4-5,500), and highest in the USA, Australia, and China with the former estimated
at 243,000 tonnes and an estimated value of $779 million.

We were unable to develop a reliable model for predicting annual expenditures. Expenditures were strongly
correlated with marine fisher numbers (r = 0.97, Figure 8), but our sample size was low (only 5 countries <5200
million) and the corresponding regression model could only be used to predict expenditures (529.5 + 25.5
million 95% PI) from fisher numbers in Mozambique (6000). Expenditures were also correlated with catches by
national users (r = 0.82) and the number of national users (r = 0.74). However, the number of national users and
catches by national users were themselves strongly correlated (r = 0.95). The best model using these variables
was a univariate linear model (expenditures ~ catches by national users), but 95% predictions intervals were too
wide to be of practical use. For example, the model predicted that expenditures in Guam (35 catches by national
users) were in the interval $-23.9 + 71.4 million. We do not report either equation here because we discourage
using them to make country-specific predictions.
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Figure 8. Pearson correlation matrix for 10 variables associated with Fishbrain, Sea Around Us, and two literature
searches for 17 TNC priority countries for which annual marine fishing expenditures was <5200 million (see
Methods for details). Some sample sizes were <17 due to data gaps in some variables.

We observed strong correlations among other variables (Figure 8), but these correlations were expected. Many
of the Fishbrain variables were strongly correlated (e.g., r = 0.99 between users and international users), as were
both Sea Around Us variables (r = 0.99).
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Discussion

Marine recreational fisheries around the world are regionally and locally important. Aside from obvious social
and cultural benefits, they can provide notable economic and health benefits, and may contribute to research
and monitoring, education and even conservation (Hyder et al. 2020). Despite this importance, formal records of
marine recreational fishing are rare, and few countries, if any, have a detailed understanding of this value, or its
spatial distribution. This is a significant issue. In the increasingly crowded space of coastal and nearshore waters,
it is important to understand the needs and requirements of all activities, in order to avoid conflicts and to
maximize synergies and social and economic benefits.

Our work provides the first, albeit exploratory, attempt to map the distribution of recreational fishing intensity
around the world using a mixed array of sources. We use a million, individual, unsolicited catch records drawn
from the smartphone-based fishing app, Fishbrain, to show that, for some regions and countries, there is already
a rich information base from which maps can be drawn. Data from the USA dominate the totals, but we have
also developed maps, at varying resolutions, for Australia, New Zealand, and several countries in northern and
western Europe, Central America, the Caribbean and elsewhere.

Our independent search for fisher numbers and expenditure, although limited in its findings, shows the
considerable importance of fishing in many countries, with fishers making up 13% of the population in New
Zealand and generating expenditure reaching almost 4% of GDP in the Bahamas.

Interpretation

Maps at the lowest (20 km) resolution show the broad distribution of recreational fishing intensity across 39
countries. These maps only show the most general patterns of fishing intensity, but may still be of use for larger
countries in pointing to general areas where fishing may be more focused.

Data were considered sufficiently detailed to map 21 of these countries at medium resolution (10 km). At this
resolution, it is possible to make more specific observations about the distribution of recreational fishing. The
strong nearshore focus is not surprising, but it is also possible to see locations of more intense fishing, often

linked to urban or tourism centres, while gaps may also be seen where recreational fishing is apparently rare.

The finest (2 km) resolution was considered only applicable for seven countries: the USA and Australia, plus five
relatively small island states (Aruba, Bermuda, Puerto Rico, Singapore, and the U.S. Virgin Islands). These maps
may be suitable for utilization in more direct marine planning and governance purposes, enabling governments
and private sectors players, as well as a wider public, to assess the varying spatial importance of recreational
fishing and giving them the potential to ensure sustainable management and to avoid conflicts with other
sectors.

The role of domestic versus international fishers showed a clear pattern, with international fishers
predominating in many of the lower income countries, and in countries where coastal tourism is a major
economic driver. By contrast, most catches in wealthier, often higher latitude, countries are dominated by
domestic fishers. Mexico presents a more nuanced picture, but even here the division between domestic and
international fishers shows clear geographic segregation at more local levels, with international fishers
dominating close to the Pacific US border and around the tourist centres of southern Baha, and eastern Yucatan.
Such maps may simply corroborate expected patterns, which demonstrates clear value in being able to separate
domestic from international recreational fishing. International arrivals can generate important income and
foreign exchange for many countries, and may not always be included in national surveys of recreational fishing.
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Similarly, domestic fishers are an important constituency which, in many developed nations, make up a
significant proportion of the general public.

The analyses of pelagic game fish catches provides an initial exploration into the utility of the species specificity
that is contained within the Fishbrain dataset. Our map (see Figure 7) clearly shows the offshore nature of these
species, particularly in areas where there is a wide continental shelf such as around the eastern seaboard of the
USA. As target species for boat-based rod-and-line fishing, these species are of considerable economic
significance. Their predominance in the overall catches for three countries in particular (Bahamas, Costa Rica
and Mexico) is a clear signal to the importance, and the likely very high value, of offshore fishing charters for
these countries, all of which have a strong reliance on tourism for their national economies.

The challenges of locating national estimates of total fishers and total expenditure are considerable, however
the values located help to underpin the wider value of recreational fishing. Across the 32 countries for which we
found fisher data, the total estimate is 23 million individual fishers (out of a total population of 1.2 billion
people), which represents about 2% of all people in these countries. The combined values, at $79.7 billion are a
critical contribution to local and national economies. As a proportion of GDP the numbers are highly variable,
but it is notable that after the Bahamas and Puerto Rico, the highest contributions come from a mix of lower
countries, including Costa Rica, Cape Verde and Namibia, but also wealthy nations including New Zealand, the
USA and Canada.

While the national economic and fisher numbers are derived from different sources, and different years (with
economic values extrapolated to 2023 values) they help to highlight the overall importance of MRF across a
broad geographic and socio-econonmic range of countries. They also show that, while the FishBrain data may
represent a useful sample of fishers in some countries, it may be less representative for others.

User-generated content is typically vulnerable to error and bias, and while we were able to control for certain
issues, weaknesses remain. The apparently strong national variability in use of Fishbrain between countries
prevents any quantitative comparison of catch levels between countries. To counter this, normalising catch
numbers in each country by catch totals for that country it was possible to generate broadly comparable maps
showing the relative intensity of MRF. Fishbrain is a multi-lingual platform and there are in fact many records
from France, Brazil, Sweden, and several Spanish-speaking nations. Even so, there appears to be a bias towards
English-speaking nations. National bias in Fishbrain utilization may also have ramifications for international
records, for example reflecting higher international catch records in countries frequented by US visitors
compared to countries more popular with non-English speaking travellers.

Fishbrain provides a rich source of taxonomic resolution, however errors of species identification are likely to
occur and so the only species-specific component we explored was that of easily recognizable pelagic game-fish.
We were also aware that, in using individual catch records as evidence of catch intensity there will be some
under-reporting, as many users catch more fish than they report, often with a bias toward reporting higher
interest catches (large individuals or preferred species).

Given the global scale and the relatively low resolution of our work, we also did not attempt to quantify spatial
error in detail. A review of the habitat preferences of particular species showed that broad locational data were
typically accurate. Our spatial filter buffered inland to ensure that we included marine and brackish water
species that may have otherwise been excluded either by mis-recording of catch location or by inaccuracies in
the base-line map and definition of coastal waters. Likewise, the exclusion of freshwater species removes false
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positives from our records. Nevertheless, it would be helpful in future work to develop a better understanding
of spatial accuracy, particularly if there is interest in using the data at resolutions higher than 2 km.

Our attempts to draw out associated information on fisher numbers and economic value showed that such data
exist for many countries. Considerably more investment is needed to both assess existing data and generate
new information. In particular, we encourage the development of a standard approach to estimating
recreational fishing expenditures that relies on direct measures or correlates that are readily available for most
countries (see next subsection). The particularly high value and importance of recreational fishing expenditure in
many countries has broad connotations. While overall numbers for value were missing for some countries, it
was noteworthy that sectors within the fishery (such as offshore billfish and fly fishing) have been the subject of
distinct studies (e.g. Smith et al, 2023). This may provide an opportunity to focus future models towards
different sectors in recreational fishing, and ultimately develop spatial layers for identifying high-value locations.

Future work

The current work provides a range of data, both mapped and numerical, that should already be of use for
particular countries and territories to assess the distribution and value of MRF. It also provides an important
starting point in considering how MRF data might be further utilized, or enhanced, by additional datasets or
analyses. To this end we have already begun to investigate other sources of information and approaches.

Remote sensing and Automatic Identification Systems. Groups such as Global Fishing Watch have been tracking

commercial fishing for a number of years, and improvements in both data inputs and analytical tools is such that
it is possible to track smaller and smaller vessels, and to greatly refine models to understand the activity of such

vessels, which may help to filter recreational fishing vessels (see, for example, Paolo et al. 2024).

A number of platforms are now available to look at companies and boat charters that offer MRF. Spatial data
associate with these will tend to focus on points of departure. They may also enable further refinements in
terms of understanding catch, fishing methods, and pricing.

Fish tagging programs. A number tagging programs have been established in collaboration with recreational
fishers in countries around the world (mostly, but not entirely, higher income countries). Most of these have
biases in geographic selectivity (even within country) or species selectivity, however they can be data rich, and
could yield valuable local data for specific components of recreational fishing.

Other user-generated content. The very rapid advances with Al could well enable much wider data harvest from
third parties, using text and image recognition.

A further direction towards this general mapping might come from predictive mapping. Such mapping is already
widely used in commercial fisheries, and is also starting to be built into recreational fisher apps. Predictions
could be driven by a combination of best fishing locations (marine habitats, bathymetric or other features, FADs,
reserve boundaries), opportunities to reach them (distance from accessible shore, boat launch points,
reasonable boating distance from nearest port or launching point), and negative drivers such as conflicting
marine usage (no-take areas, dive sites, fish farms, shipping lanes, sensitive infrastructure, polluted waters).

The potential to explore sub-categories of fishing could be important both for understanding value, and for
access, licensing and stock management, including interactions with commercial fisheries. It is already possible
to use Fishbrain data to identify some aspects of pelagic game fishing, and future targets might include fly-
fishing, catch and release fisheries (e.g. flats fisheries in the Caribbean), as well as single species targets.
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In their work in the Eastern Caribbean, Spalding et al. (2023) found that global data sources were insufficient, on
their own, for mapping recreational fisheries at scales likely to be of use for planning, at least for small island
nations. However, they also showed that the potential utility of these maps could be greatly enhanced by
combining data from multiple sources that included local knowledge.

The current work delivers mapped data, but equally points to a way forwards in which this critical activity can be
put on the map and effectively valued. In so doing, it should be possible to greatly enhance management for the
long-term sustainability, indeed enhancement, of recreational fishing world-wide.

Data availability

All of the Fishbrain data was obtained by a data sharing agreement and data requests need to be directed to
Fishbrain. The summary data shown in this report can be explored, but not downloaded, on the Mapping Ocean
Wealth platform: www.maps.oceanwealth.org

Acknowledgments
We thank Fishbrain for their support, data-sharing, and for advice on its use. We also thank C. Skov and K. Hyder
for feedback during the development of this report. Photographs are all courtesy of Mark Spalding

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 30



References

Altieri, A. H., Bertness, M. D., Coverdale, T. C., Herrmann, N. C., & Angelini, C. (2012). A trophic cascade triggers collapse of a salt-marsh
ecosystem with intensive recreational fishing. Ecology, 93(6), 1402-1410. https://doi.org/10.1890/11-1314.1

Arlinghaus, R., Abbott, J. K., Fenichel, E. P., Carpenter, S. R., Hunt, L. M., Alés, J., ... & Manfredo, M. J. (2019). Governing the recreational
dimension of global fisheries. Proceedings of the National Academy of Sciences, 116(12), 5209-5213.
https://doi.org/10.1073/pnas.1902796116

Audzijonyte, A., Mateos-Gonzalez, F., Dainys, J., Gundelund, C., Skov, C., Tyrell DeWeber, J., ... & Smith, C. (2023). High-resolution app
data reveal sustained increases in recreational fishing effort in Europe during and after COVID-19 lockdowns. Royal Society
Open Science, 10(7), 230408. https://doi.org/10.1098/rs0s.230408

Barnett, A., Abrantes, K. G., Baker, R., Diedrich, A. S., Farr, M., Kuilboer, A., ... & Sheaves, M. (2016). Sportfisheries, conservation and
sustainable livelihoods: a multidisciplinary guide to developing best practice. Fish and Fisheries, 17(3), 696-713.
https://doi.org/10.1111/faf.12140

Bergseth, B. J., Williamson, D. H., Russ, G. R., Sutton, S. G., & Cinner, J. E. (2017). A social—ecological approach to assessing and managing
poaching by recreational fishers. Frontiers in Ecology and the Environment, 15(2), 67-73. https://doi.org/10.1002/fee.1457

Blamey, L. K., & Bolton, J. J. (2018). The economic value of South African kelp forests and temperate reefs: past, present and future.
Journal of Marine Systems, 188, 172-181. https://doi.org/10.1016/j.jmarsys.2017.06.003

Boettiger, C., Lang, D. T., & Wainwright, P. C. (2012). rfishbase: exploring, manipulating and visualizing FishBase data from R. Journal of
Fish Biology, 81(6), 2030-2039. https://doi.org/10.1111/j.1095-8649.2012.03464.x

Bower, S. D., Aas, @., Arlinghaus, R., Douglas Beard, T., Cowx, |. G., Danylchuk, A. J., ... & Cooke, S. J. (2020). Knowledge gaps and
management priorities for recreational fisheries in the developing world. Reviews in Fisheries Science & Aquaculture, 28(4), 518-
535. https://doi.org/10.1080/23308249.2020.1770689

Britton, J. R., Pinder, A. C., Alds, J., Arlinghaus, R., Danylchuk, A. J., Edwards, W., ... & Cooke, S. J. (2023). Global responses to the COVID-
19 pandemic by recreational anglers: considerations for developing more resilient and sustainable fisheries. Reviews in Fish
Biology and Fisheries, 33(4), 1095-1111. https://doi.org/10.1007/s11160-023-09784-5

Cambon, J., Hernangémez, D., Belanger, C., & Possenriede, D. (2021). tidygeocoder: An R package for geocoding. Journal of Open Source
Software, 6(65), 3544. https://doi.org/10.21105/joss.03544

CIA. (2021). The World Factbook. Central Intelligence Agency, Washington DC. Retrieved from https://www.cia.gov/the-world-factbook/

Dainys, J., Gorfine, H., Mateos-Gonzalez, F., Skov, C., Urbanavicius, R., & Audzijonyte, A. (2022). Angling counts: Harnessing the power of
technological advances for recreational fishing surveys. Fisheries Research, 254, 106410.
https://doi.org/10.1016/j.fishres.2022.106410

DePiper, G., Corvi, D., Steinback, S., Arrington, D. A., Blalock, R., & Roman, N. (2023). Leveraging data from a private recreational fishing
application to begin to understand potential impacts from offshore wind development. ICES Journal of Marine Science, fsad154.
http://dx.doi.org/10.1093/icesjms/fsad154

Eryasar, A. R., & Saygu, . (2022). Using social media to identify recreational bluefish angling in the Mediterranean and Black Sea. Marine
Policy, 135, 104834. https://doi.org/10.1016/j.marpol.2021.104834

FAO. (2012). Recreational fisheries: FAO technical guidelines for responsible fisheries.

Ficetola, G. F. (2013). Is interest toward the environment really declining? The complexity of analysing trends using internet search data.
Biodiversity and conservation, 22, 2983-2988. https://doi.org/10.1007/s10531-013-0552-y

Freire, K. M. F., Belhabib, D., Espedido, J. C., Hood, L., Kleisner, K. M., Lam, V. W,, ... & Pauly, D. (2020). Estimating global catches of
marine recreational fisheries. Frontiers in Marine Science, 7, 12. https://doi.org/10.3389/fmars.2020.00012

Fricke, R. M., Wood, S. A., Martin, D. R., & Olden, J. D. (2020). A bobber’s perspective on angler-driven vectors of invasive species
transmission. NeoBiota, 60, 97-115. http://dx.doi.org/10.3897/neobiota.60.54579

Froese, R., & Pauly, D. (Eds.). (2024). FishBase. Retrieved from http://www.fishbase.org (Published Nov 2023).

GADM database of Global Administrative Areas. (2020). Global Administrative Areas (GADM) (Version 3.6) [Map]. Retrieved from
http://www.gadm.org

Grabowski, T., Benedum, M. E., Curley, A., Dill-De Sa, C., & Shuey, M. (2023). Pandemic-driven changes in the nearshore non-commercial
fishery in Hawai'i: catch photos posted to social media capture changes in fisher behavior. PeerJ, 11, e14994.
https://doi.org/10.7717/peerj.14994

Gundelund, C., Arlinghaus, R., Baktoft, H., Hyder, K., Venturelli, P., & Skov, C. (2020). Insights into the users of a citizen science platform
for collecting recreational fisheries data. Fisheries Research, 229, 105597. https://doi.org/10.1016/j.fishres.2020.105597

Gundelund, C., Venturelli, P., Hartill, B. W., Hyder, K., Olesen, H. J., & Skov, C. (2021). Evaluation of a citizen science platform for collecting
fisheries data from coastal sea trout anglers. Canadian Journal of Fisheries and Aquatic Sciences, 78(11), 1576-1585.
https://doi.org/10.1139/cjfas-2020-0364

Gundelund, C., & Skov, C. (2021). Changes in angler demography and angling patterns during the Covid-19 lockdown in spring 2020
measured through a citizen science platform. Marine Policy, 131, 104602. https://doi.org/10.1016/j.marpol.2021.104602

Gundelund, C., Venturelli, P., Hartill, B. W., Hyder, K., Olesen, H. J., & Skov, C. (2023). Spatiotemporal and multispecies comparisons
between a citizen science platform and recall surveys in recreational fisheries. Marine Policy, 155, 105780.
https://doi.org/10.1016/j.marpol.2023.105780

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 31



Hall, Q. A., Coffey, D. M., Streich, M. K., Fisher, M. R., & Stunz, G. W. (2022). Social media shines light on the “hidden” impact of nighttime
guided-gigging charters on Texas’ Southern Flounder fishery: A stab in the dark. Plos one, 17(6), e0269397.
https://doi.org/10.1371/journal.pone.0269397

Hook, S. A., Brown, A., Bell, B., Kroese, J., Radford, Z., & Hyder, K. (2022). The impact of COVID-19 on participation, effort, physical
activity, and well-being of sea anglers in the UK. Frontiers in Marine Science, 9, 815617.
https://doi.org/10.3389/fmars.2022.815617

Hyder, K., Weltersbach, M. S., Armstrong, M., Ferter, K., Townhill, B., Ahvonen, A,, ... & Strehlow, H. V. (2018). Recreational sea fishing in
Europe in a global context—participation rates, fishing effort, expenditure, and implications for monitoring and assessment.
Fish and Fisheries, 19(2), 225-243. https://doi.org/10.1111/faf.12251

Hyder, K., Maravelias, C. D., Kraan, M., Radford, Z., & Prellezo, R. (2020). Marine recreational fisheries—current state and future
opportunities. ICES Journal of Marine Science, 77(6), 2171-2180. https://doi.org/10.1093/icesjms/fsaal47

Jiorle, R. P., Ahrens, R. N., & Allen, M. S. (2016). Assessing the utility of a smartphone app for recreational fishery catch data. Fisheries,
41(12), 758-766. https://doi.org/10.1080/03632415.2016.1249709

Johnston, F. D., Simmons, S., Poorten, B. V., & Venturelli, P. (2022). Comparative analyses with conventional surveys reveal the potential
for an angler app to contribute to recreational fisheries monitoring. Canadian Journal of Fisheries and Aquatic Sci, 79(1), 31-46.
https://doi.org/10.1139/cjfas-2021-0026

Kleiven, A. R., Moland, E., & Sumaila, U. R. (2020). No fear of bankruptcy: the innate self-subsidizing forces in recreational fishing. ICES
Journal of Marine Science, 77(6), 2304-2307. https://doi.org/10.1093/icesjms/fsz128

Lewin, W. C., Weltersbach, M. S, Ferter, K., Hyder, K., Mugerza, E., Prellezo, R., ... & Strehlow, H. V. (2019). Potential environmental
impacts of recreational fishing on marine fish stocks and ecosystems. Reviews in Fisheries Science & Aquaculture, 27(3), 287-
330. https://doi.org/10.1080/23308249.2019.1586829

Liu, B., Stokes, L., Topping, T., & Stunz, G. (2017). Estimation of a total from a population of unknown size and application to estimating
recreational red snapper catch in Texas. Journal of Survey Statistics and Methodology, 5(3), 350-371.
https://doi.org/10.1093/jssam/smx006

Martin, T. J. (2017). Comparing estimates of fishing effort and lake choice derived from aerial creel surveys and smartphone application
data in Ontario, Canada (Master's thesis). University of Minnesota, St. Paul, MN. https://hdl.handle.net/11299/193413

Martinazzo, G. M., Giareta, E. P., Bornatowski, H., Abilhoa, V., & Freitas, M. (2022). A look at the unknown: Potential impact of marine
recreational fishing on threatened species in the Southern Atlantic Ocean. Ocean & Coastal Management, 218, 106044.
https://doi.org/10.1016/j.ocecoaman.2022.106044

McCallum, M. L., & Bury, G. W. (2014). Public interest in the environment is falling: a response to Ficetola (2013). Biodiversity and
conservation, 23, 1057-1062. https://doi.org/10.1007/s10531-014-0640-7

McDonald, Z. Weir, J. L., Berland, A., Skov, C., Hyder, K. H., & Venturelli, P. A. (in press). Can climate-induced changes in the abundance of
freshwater game fishes be inferred from digital catch log data? Fisheries Management and Ecology.

Monkman, G. G., Kaiser, M. J., & Hyder, K. (2018). Text and data mining of social media to map wildlife recreation activity. Biological
conservation, 228, 89-99. https://doi.org/10.1016/j.biocon.2018.10.010

Moore, A., Schirmer J., Magnusson A., Keller K., Hinten G., Galeano D., Woodhams J., Wright D., & Maloney L. (2023). National Social and
Economic Survey of Recreational Fishers 2018-2021. Fisheries Research and Development Corporation and Australian Bureau of
Agricultural and Resource Economics and Sciences.

Paolo, F. S., D. Kroodsma, J. Raynor, T. Hochberg, P. Davis, J. Cleary, L. Marsaglia, S. Orofino, C. Thomas, and P. Halpin. 2024. Satellite
mapping reveals extensive industrial activity at sea. Nature 625:85-91.

Papenfuss, J. T., Phelps, N., Fulton, D., & Venturelli, P. A. (2015). Smartphones reveal angler behavior: a case study of a popular mobile
fishing application in Alberta, Canada. Fisheries, 40(7), 318-327. https://doi.org/10.1080/03632415.2015.1049693

Potts, W. M., Downey-Breedt, N., Obregon, P., Hyder, K., Bealey, R., & Sauer, W. H. (2020). What constitutes effective governance of
recreational fisheries?—A global review. Fish and Fisheries, 21(1), 91-103. https://doi.org/10.1111/faf.12417

R Core Team (2013). R: A language and environment for statistical computing. R Foundation for Statistical Computing, Vienna.
https://www.R-project.org/

Sbragaglia, V., Correia, R. A., Coco, S., & Arlinghaus, R. (2020). Data mining on YouTube reveals fisher group-specific harvesting patterns
and social engagement in recreational anglers and spearfishers. ICES Journal of Marine Science, 77(6), 2234-2244.
https://doi.org/10.1093/icesjms/fsz100

Scheufele, G., & Pascoe, S. (2022). Estimation and use of recreational fishing values in management decisions. Ambio, 51(5), 1275-1286.
https://doi.org/10.1007/s13280-021-01634-7

Shiffman, D. S., Macdonald, C., Ganz, H. Y., & Hammerschlag, N. (2017). Fishing practices and representations of shark conservation issues
among users of a land-based shark angling online forum. Fisheries Research, 196, 13-26.
https://doi.org/10.1016/j.fishres.2017.07.031

Skov, C., Hyder, K., Gundelund, C., Ahvonen, A., Baudrier, J., Borch, T., ... & Venturelli, P. A. (2021). Expert opinion on using angler
Smartphone apps to inform marine fisheries management: status, prospects, and needs. ICES Journal of Marine Science, 78(3),
967-978. https://doi.org/10.1093/icesjms/fsaa243

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 32



Skov, C., Gundelund, C., Weltersbach, M. S., Ferter, K., Bertelsen, S. K., & Jepsen, N. (2022). Catch and release angling for sea trout
explored by citizen science: Angler behavior, hooking location and bleeding patterns. Fisheries Research, 255, 106451.
https://doi.org/10.1016/].fishres.2022.106451

Smith, M., A. J. Fedler, and A. J. Adams. 2023. Economic assessments of recreational flats fisheries provide leverage for conservation.
Environmental Biology of Fishes, 106, 131-145. https://doi.org/10.1007/s10641-022-01375-w

Southwick, R., Maycock, D., & Bouaziz, M. (2016). Recreational fisheries economic impact assessment manual and its application in two
study cases in the Caribbean: Martinique and The Bahamas. FAO Fisheries and Aquaculture Circular, (C1128), 1.

Spalding, M., Burke, L., Wood, S. A., Ashpole, J., Hutchison, J., & Zu Ermgassen, P. (2017). Mapping the global value and distribution of
coral reef tourism. Marine Policy, 82, 104-113. https://doi.org/10.1016/j.marpol.2017.05.014

Spalding, M. D., Longley-Wood, K., McNulty, V. P., Constantine, S., Acosta-Morel, M., Anthony, V., ... & Tanner, D. (2023). Nature
dependent tourism—Combining big data and local knowledge. Journal of Environmental Management, 337, 117696.
https://doi.org/10.1016/j.jenvman.2023.117696

Spalding, M., & Parrett, C. L. (2019). Global patterns in mangrove recreation and tourism. Marine Policy, 110, 103540.
https://doi.org/10.1016/j.marpol.2019.103540

The World Bank. 2023. World Bank Open Data. Washington DC. Retrieved from https://data.worldbank.org/

Venturelli, P. A., Hyder, K., & Skov, C. (2017). Angler apps as a source of recreational fisheries data: opportunities, challenges and
proposed standards. Fish and fisheries, 18(3), 578-595. https://doi.org/10.1111/faf.12189

Wallmo, K., Lovell, S., Gregg, K., & Allen, M. (2021). Economic Impact Analysis of Recreational Fishing on Florida Reefs.
https://doi.org/10.25923/rsgj-ta64

Weir, J. L., Vacura, K., Bagga, J., Berland, A., Hyder, K., Skov, C., ... & Venturelli, P. A. (2022). Big data from a popular app reveals that
fishing creates superhighways for aquatic invaders. PNAS nexus, 1(3), pgac075. https://doi.org/10.1093/pnasnexus/pgac075

Wessel, P., & Smith, W. H. (1996). A global, self-consistent, hierarchical, high-resolution shoreline database. Journal of Geophysical
Research: Solid Earth, 101(B4), 8741-8743. https://doi.org/10.1029/96)B00104

Wilde, G. R., & Pope, K. L. (2013). Worldwide trends in fishing interest indicated by internet search volume. Fisheries Management and
Ecology, 20(2-3), 211-222. https://doi.org/10.1111/fme.12009

Winkler, A. C., Butler, E. C., Attwood, C. G., Mann, B. Q., & Potts, W. M. (2022). The emergence of marine recreational drone fishing:
Regional trends and emerging concerns. Ambio, 51(3), 638-651. https://doi.org/10.1007/s13280-021-01578-y

Wood, S. A., Guerry, A. D., Silver, J. M., & Lacayo, M. (2013). Using social media to quantify nature-based tourism and recreation.
Scientific Reports, 3(1), 2976. https://doi.org/10.1038/srep02976

mw

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 33



Supplementary figures
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Figure S1. The relative intensity of marine recreational catches reported along the coast of South Africa and Mauritius via the Fishbrain app.

Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-country comparisons.
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Figure S2. The relative intensity of marine recreational catches reported along the coast of Mauritius, the Chagos Archipelago and the Maldives
via the Fishbrain app. Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-country

comparisons.
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Figure S3. The relative intensity of marine recreational catches reported along the coast of mainland Australia via the Fishbrain app. Grids are 20

km a side, and were color-coded according to a within-country decile system to facilitate among-country comparisons.
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Figure S4. The relative intensity of marine recreational catches reported along the coast of South-East Australia and New Zealand via the
Fishbrain app. Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-country

comparisons.
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Figure S5. The relative intensity of marine recreational catches reported along the coast of northern Europe via the Fishbrain app. Grids are 20

km a side, and were color-coded according to a within-country decile system to facilitate among-country comparisons.
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Figure S6. The relative intensity of marine recreational catches reported along the coast of South-West Europe via the Fishbrain app. Grids are 20
km a side, and were color-coded according to a within-country decile system to facilitate among-country comparisons.
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Figure S7. The relative intensity of marine recreational catches reported along the Pacific coast of the United States and Canada via the Fishbrain
app. Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-country comparisons.
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Figure S8. The relative intensity of marine recreational catches reported along the coast of the eastern seaboard of the United States and Canada
via the Fishbrain app. Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-country

comparisons.

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC



Q
e N
2 g

—t

O

0

w

(]

(@]

=

(D

wn

0 500 1,000 Km
| 1 1 1 |

Figure S9. The relative intensity of marine recreational catches reported along the coast of Mexico, Central America, and the Gulf Coast of the
United States via the Fishbrain app. Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-
country comparisons.
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Figure S10. The relative intensity of marine recreational catches reported along the coast of the Caribbean and the Gulf of Mexico via the
Fishbrain app. Grids are 20 km a side, and were color-coded according to a within-country decile system to facilitate among-country

comparisons.
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Figure S11. The relative intensity of marine recreational catches reported along the coast of Brazil via the Fishbrain app. Grids are 20 km a side,

and were color-coded according to a within-country decile system to facilitate among-country comparisons.
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Supplementary tables

Table S1. Summary data from Fishbrain. Data have been grouped into size classes using the following:

Proportion of

Proportion of

Catches per million of

Proportion of catch

Score all users all catches population pelagic
1 >70% >70% >4000 >50
2 >10% >10% >1000 >30
3 >0.8% >0.8% >500 >10
4 >0.25% >0.25% >100 >5
5 0-0.25% 0-0.25% 1-100 0-5%
Y= = “—
IS - £
e gz |8 E_| @
e %% | % :2 | ¢
Q= c © v = v ®© o 2
2§ 88| £5 £3 | s¥&
Country =e Es5 | 88 8§38 £73
Aruba 5 >90% 5 1 2
Australia 2 <10% 2 1 5
Bahamas 4 >90% 5 1 3
Barbados 5 70-90% 5 4 2
Belize 5 >90% 5 2 4
Bermuda 5 >90% 5 2 3
Brazil 3 <10% 4 5 5
British Virgin Islands 5 >90% 5 2 2
Canada 3 10-30% 3 4 5
Cayman Islands 5 >90% 5 2 3
Costa Rica 4 70-90% 5 4 2
Denmark 4 10-30% 4 3 5
Dominican Republic 5 >90% 5 5 2
Finland 5 10-30% 5 5 5
France 5 10-30% 5 5 5
Guam 5 70-90% 5 2 2
Honduras 5 70-90% 5 5 2
Ireland 4 10-30% 4 3 5
Jamaica 5 70-90% 5 4 3
Maldives 5 30-70% 5 3 3
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Mauritius
Mexico
Netherlands
New Zealand
Norway
Panama
Portugal
Puerto Rico
Singapore
South Africa
Spain

St. Lucia

Sweden

Trinidad & Tobago
Turks & Caicos Islands

U.S. Virgin Islands

UK

United Arab Emirates

USA

5 30-70% 5 4 2
3 70-90% 3 5 2
5 30-70% 5 5 5
4 10-30% 4 3 5
3 30-70% 3 2 5
5 30-70% 5 4 3
5 10-30% 5 4 4
4 70-90% 4 3 4
5 10-30% 5 4 5
4 10-30% 4 5 4
4 30-70% 4 5 4
5 >90% 5 3 3
3 <10% 3 3 5
5 10-30% 5 4 3
5 >90% 5 1 3
5 >90% 5 1 3
3 <10% 3 4 5
5 10-30% 5 4 3
1 <10% 1 2 5
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Table S2: Data from recreational fishing expenditure and fisher numbers research. GDP is gross domestic
product converted to international dollars (constant 2023 international S) using purchasing power parity rates.

Population totals by country used in the final column are based on 2020 population numbers: fisher numbers
are from varying years and so the combination of these numbers can only be a broad guide to the proportion of

fishers in a country. Both economic and population information are drawn from the World Bank DataBank.

Annual Fishing
fishing expenses Total Marine
expenses as marine fishers per
(millions proportion recreational million of
Country 2023 USD) Source of GDP fishers Source population
Angola $3.15 Belhabib et al. (2016) 0.001% 1,208 Belhabib et al. (2016) 36
Bahamas $693.79 Southwick et al. (2016) 5.247%
Belgium $48.22 Hyder et al. (2018) 0.006% 24,000 Hyder et al. (2018) 2,080
Brazil $661.60 Freire & Sumaila (2019) 0.016% 435,000 Freire & Sumaila (2019) 2,085
Canada $11,443.29 Brownscombe et al. (2014) 0.510%
Cape Verde $18.54 Belhabib et al. (2016) 0.382% 4,786 Belhabib et al. (2016) 126
Costa Rica $613.46 Chacon et al (2010) 0.457%
Cyprus 23,500 Michailidis et al (2020) 18,046
Denmark $336.10 Hyder et al. (2018) 0.078% 386,000 Hyder et al. (2018) 66,193
Estonia $7.31 Hyder et al. (2018) 0.013% 20,000 Hyder et al. (2018) 15,043
Finland 300,000 Hyder et al. (2018) 54,254
France 1,319,000 Hyder et al. (2018) 19,512
Gambia 3,890 Belhabib et al. (2016) 1,546
Germany $172.43 Hyder et al. (2018) 0.003% 174,000 Hyder et al. (2018) 2,092
Ghana $28.03 Belhabib et al. (2016) 0.012% 3,724 Belhabib et al. (2016) 117
Greece 730,514 Papadopoulos et al. (2019) 68,281
Iceland 103,000 Hyder et al. (2018) 281,065
Ireland $185.58 Hyder et al. (2018) 0.030% 77,000 Hyder et al. (2018) 15,445
Italy $378.48 Hyder et al. (2018) 0.012% 800,000 Hyder et al. (2018) 13,459
Kiribati $3.60 Campbell & Hanich (2014) 0.850%
Latvia 41,000 Hyder et al. (2018) 21,574
Madagascar 0.000% 100,000 Le Manacha et al. (2011) 3,454
Morocco 5,180 Belhabib et al. (2016) 142
Mozambique 0.000% 6,000 Kadagi et. al. (2021) 195
Namibia $69.21 Belhabib et al. (2016) 0.231% 15,461 Belhabib et al. (2016) 5,666
Netherlands | $208.97 Hyder et al. (2018) 0.016% 504,000 Hyder et al. (2018) 28,897
New Zealand | $871.11 Southwick et. al. (2018) 0.342% 704,473 Southwick et. al. (2018) 138,398
Norway 1,285,000 Hyder et al. (2018) 238,871
Panama $135.52 Southwick et al. (2013) 0.085%
Portugal $203.12 Hyder et al. (2018) 0.046% 175,000 Hyder et al. (2018) 16,995
Gentner Consulting Group NOAA Marine Recreational
Puerto Rico $1,254.27 (2010) 0.910% 126,674 Information Program 38,602
Senegal 9,405 Belhabib et al. (2016) 560
South Africa 547,799 Potts et. al. (2022) 9,045
Spain 298,000 Hyder et al. (2018) 6,291
Sri Lanka $2.17 Wimalasena et al (2019) 0.001%
Sweden $328.79 Hyder et al. (2018) 0.049% 566,000 Hyder et al. (2018) 54,668
UK $2,909.44 Hyder et al. (2018) 0.078% 1,150,000 Hyder et al. (2018) 17,143
National Marine Fisheries
USA $59,125.99 Service (2021) 0.237% 13,800,000 www.statista.com 41,626
Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 48




References for Table S2:

Belhabib, D., K. Greer, and D. Pauly. 2018. Trends in Industrial and Artisanal Catch Per Effort in West African Fisheries. Conservation
Letters 11. http:https://doi.org/10.1111/conl.12360

Brownscombe, J. W., S. D. Bower, W. Bowden, L. Nowell, et al. 2014. Canadian Recreational Fisheries: 35 Years of Social, Biological, and
Economic Dynamics from a National Survey. Fisheries 39:251-260.
https://afspubs.onlinelibrary.wiley.com/doi/abs/10.1080/03632415.2014.915811

Campbell, B., and Q. Hanich. 2014. Fish for the future: Fisheries development and food security for Kiribati in an era of global climate
change. WorldFish, Penang, Malaysia. https://core.ac.uk/download/pdf/84839512.pdf

Chacon, M. Y., A. G. Li, C. F. Garcia, R. L. Bolafios, et al. 2010. Final Report Analysis of The Economic Contribution of Recreational and
Commercial Fisheries to The Costa Rican Economy. Instituto de Investigaciones en Ciencias Economicas of Universidad de Costa
Rica,Instituto de Investigaciones en Ciencias Economicas of Universidad de Costa Rica, San Jose.
https://www.southwickassociates.com/wp-content/uploads/2011/08/Costa_Rica_Marine_Fisheries_Economics.pdf

Freire, K. M. F., D. Belhabib, J. C. Espedido, L. Hood, et al. 2020. Estimating Global Catches of Marine Recreational Fisheries. Frontiers in
Marine Science 7. https://www.frontiersin.org/article/10.3389/fmars.2020.00012

Freire, K. M. F., and U. R. Sumaila. 2019. Economic potential of the Brazilian marine recreational fishery. Boletim do Instituto de Pesca
45, https://doi.org/10.20950/1678-2305.2019.45.1.412

Gentner Consulting Group. 2010. Expenditure and Demographic Profiles of Anglers in the Commonwealth of Puerto Rico with Special
Attention on Coral Reef Related Activities. https://www.gentnergroup.com/wp-content/uploads/PR.exp_.final_.pdf

Hyder, K., M. S. Weltersbach, M. Armstrong, K. Ferter, et al. 2018. Recreational sea fishing in Europe in a global context—Participation
rates, fishing effort, expenditure, and implications for monitoring and assessment. Fish and Fisheries 19:225-243.
https://onlinelibrary.wiley.com/doi/abs/10.1111/faf.12251

Kadagi, N. I., N. Wambiji, S. T. Fennessy, M. S. Allen, and R. N. M. Ahrens. 2021. Challenges and opportunities for sustainable
development and management of marine recreational and sport fisheries in the Western Indian Ocean. Marine Policy
124:104351. https://www.sciencedirect.com/science/article/pii/S0308597X20310010

Le Manacha, F., C. Goughb, F. Humberb, S. Harperc, and D. Zellerc. 2011. Reconstruction of total marine fisheries catches for
Madagascar. Fisheries Centre Research Reports 19:21. https://epub.sub.uni-
hamburg.de/epub/volltexte/2011/11845/pdf/19_4.pdf#page=25

National Marine Fisheries Service. 2021. Fisheries economics of the United States, 2018. Economics and Sociocultural Status and Trends
Series. U.S. Department of Commerce. National Oceanic and Atmospheric Administration, National Marine Fisheries Service.
https://www.fisheries.noaa.gov/resource/document/fisheries-economics-united-states-report

NOAA Marine Recreational Information Program: www.fisheries.noaa.gov/topic/recreational-fishing-data

Michailidis, N., S. Katsanevakis, and N. Chartosia. 2020. Recreational fisheries can be of the same magnitude as commercial fisheries:
The case of Cyprus. Fisheries Research 231:105711. https://www.sciencedirect.com/science/article/pii/S0165783620302289

Papadopoulos, A., K. Touloumis, E. Tziolas, D. Boulamatsis, and E. Koutrakis. 2022. Evaluation of Marine Recreational Fisheries and Their
Relation to Sustainability of Fisheries Resources in Greece. Sustainability 14:3824. https://www.mdpi.com/2071-1050/14/7/3824

Potts, W. M., M. Saayman, A. Saayman, B. Q. Mann, et al. 2022. Understanding the economic activity generated by recreational fishing
in South Africa provides insights on the role of recreational fisheries for social development. Fisheries Management and Ecology
29:29-43. https://onlinelibrary.wiley.com/doi/abs/10.1111/fme.12515

Southwick, R., J. C. Holdsworth, T. Rea, L. Bragg, and T. Allen. 2018. Estimating marine recreational fishing’s economic contributions in
New Zealand. Fisheries Research 208:116-123. https://www.sciencedirect.com/science/article/pii/S0165783618301863

Southwick, R., D. S. Maycock, and M. Bouaziz. 2016. Recreational fisheries economic impact assessment manual and its application in
two study cases in the Caribbean: Martinique and The Bahamas. FAO Fisheries and Aquaculture Circular:l.
https://www.proquest.com/openview/c87f05a600966cb287ee63c69362e23d/1?pg-origsite=gscholar&cbl=237324

Southwick, R., R. Nelson, R. Lachman, and J. Dreyfus. 2013. Sportfishing in Panama: size, economic impacts and market potential. Fort
Lauderdale, FL: The Billfish Foundation

Wimalasena, H., M. Maheepala, and K. Amaralal. 2018. An insight into Sport fishing industry in Sri Lanka; Present situation and future
prospects. Journal of the National Aquatic Resources Research and Development Agency (Sri Lanka) 45-47:63-71

www.statista.com/statistics/315899/number-of-saltwater-fishing-participants-us/

Venturelli et al 2025 Patterns in marine recreational fishing, Ball State Uni & TNC 49



